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CHAPTER - 1 
INTRODUCTION 
CHAPTER -1 
INTRODUCTION 
Water is among the most essential requisites that nature provides to sustain life 
for plants,animals and humans. The total quantity of fresh water on earth could 
satisfy all needs of the human population, were it evenly distributed and accessible 
(Bobba et al. 1997). The availability of water resources has been the essence for 
establishment and growth of human population. This developmental activity of human 
being with time led to estabUshment of industries around the water resources which 
in turn attracted more population. As a resuh of this cycle, water resources are 
becoming exhausted. 
India has been gifted with substantial water resources. Population explosion 
and industrialization have enhanced the demand of water significantly. Consequently 
to meet this increase in demand, continual development of new sources of water for 
irrigation, hydropower, domestic and industrial supply is needed. Water being the 
most vital resources for all kinds of life on this planet is also the resource adversely 
affected by all kinds of human activities on land, in air or in water 
With the declared objectives of providing at least the basic amenities, there has 
been a tremendous development in India in the agriculture and industrial sector, with 
concomitant pressure on the fresh water Because of this development, groundwater 
utilization has increased immensely for irrigation, domestic and industrial purposes. 
Groundwater, hke any other resources is likely to become scares if its use is not 
properly regulated. Over exploitation and unrestricted development of ground water 
have resulted in the depletion of water levels, failure of abstraction structures and 
deterioration of groundwater quality. 
The rapid pace of urbanization, industrialization as well as agricultural activities 
have made environmental pollution a growing concern globally. The most important 
cause of groundwater pollution is unplanned urban development without adequate 
attention to sewage and waste disposal. Indiscriminate disposal of both hazardous 
and non-hazardous industrial water has further aggravated problems associated with 
water resource for drinking and irrigation. The deterioration of groundwater quality 
due to industrial effluents in the study area is a live example. The waste generated by 
anthropogenic activities has not only polluted the enviroment as a whole but had a 
particular determental eflfect on the quality of aquato-envision too. 
Agriculture is a major cause of habitat loss, eutrophication, extensive water 
use, release of nutrients, trace elements and pesticides and agro-waste production. 
Though agriculture demands good environmental quality with regard to water and 
climatic conditions, intensification of agriculture is mainly responsible for the direct 
pollution of groundwater. Deterioration in the quality of sub- surface water, especially 
in the agricultural area is a matter of great concern as it may slowly affect the 
agricultural production in quantity and quality. This necessitate the needs to have 
comprehensive look on the characteristics of pollution such as extent of deterioration, 
causes, its eflfect in neighbouring areas etc. in the groundwater system, which would 
go a long way in identifying remedial measures in a given area. 
Faridabad and Ghaziabad are the most industrialized districts adjoining National 
Capital Territory of Delhi located on the bank of the Yamuna river. There are thousands 
of industries manufacturing electrical goods, general engineering equipments, tractors, 
transport and agricultural implements, rubber, tyre, paper, plastic and other products. 
Apart from industrial growth there has been remarkable development in the field of 
of agriculture. This development in industrial and agricultural sector has resulted in 
the over exploitation of grounwater and deterioration of both surface and sub - surface 
water quality in the study area. 
Keeping in view of the above, the present investigation has been carried out in 
parts of Yamvma river sub-bassin as part of Ph.D programme. The study covers various 
aspects of poUutional assessment, evaluation of aquifer system and their disposition, 
and groundwater quality status in the basin. 
LOCATION OF THE STUDY AREA 
The study area forms western part of Ghaziabad district of Uttar Pradesh and 
northern part of Fridabad district of Haryana in Yamuna river sub-basin. The area lies 
between 28°15' and 28°35' north latitudes and 77°15' and 77°30' east longitudes, 
adjoining National Capital Territory of Delhi (Fig-1.1). The total area of Faridabad 
and Ghaziabad is 2150 sq km and 2590 sq km respectively. River Yamuna forms 
natural boundary in the east of Faridabad separating it from Ghaziabad. 
The area is located in the semi-arid region of western gangetic plain with a long 
dry hot weather. It experiences severe heat during summer in the months of May and 
June and severe cold during December- February. 
Due to close vicinity of Faridabad and Ghaziabad to Delhi and easy 
approachability by rail and road, there has been great spurt in the development of 
Faridabad and Ghaziabad threreby causing tremendous stress on limited urban areas. 
Population explosion, urbanization and industrialization have changed natural 
ecosystem of the area. 
AIMS AND OBJECTIVES 
The rapid growth in population and industrialization has placed tremendous 
pressure both on land and water resources of the area. The groundwater quality is 
being deteriorated because of the discharge of industrial eflfluents without proper 
treatment in the open drains and surface water bodies, dumping of solid wastes in the 
vicinity of industries and percolation of leachates from landfills. 
The technological advancement in the drilling activities, better development of 
pumpsets, reduction in cost and availability of energy have led to a massive 
groundwater development. This has resulted in the decline of water levels at places 
as well as water logging condition in the areas close to canal. Keeping in mind the 
above aspects, attempts have been made to synthesise the hydrogeological and 
hydrochemical data to bring out clear picture on groundwater condition, its quantity 
and extent of pollution. 
The present study in the area includes the following aspect. 
1. Mapping and demarcation of major water bearing zones. 
2. To study the extent and sources of ground water pollution. 
3. To study the framework of aquifer disposition and their interrelationship. 
4. To delineate the area of groundwater recharge and discharge. 
5. To carry out hydrochemical investigations in order to study the water quality 
status of the area. 
METHODOLOGY 
Systematic groundwater surveys based on hydrogeological and hydrochemical 
parameters have been carried out to cover the different aspects of groundwater 
pollution, hydrogeological studies and water quality. The following methodology 
were adopted to carry out the present investigations. 
(i) The available published literature of the subject related to geology, hydrogeology 
and groundwater pollution, and hydrogeological information from unpublished reports 
of Geological Survery of India (G.S.I.), Certral Ground Water Board (CGWB) and 
State Ground Water Department were collected and thoroughly studied, 
(ii) Concerned toposheets were used to prepare the base map of the study area, 
(iii) RainfaU data were collected and analysed to determine the mean, standard 
deviation, coeflBcient of variation, spatial and temporal variation, occurrence and 
frequency of droughts. 
(iv) A network of 55 observation wells covering the entire area was established to 
generate hydrogeological data base. 
(v) Pre and post-monsoon water levels during 1996 and 1997 were measured to 
monitor the changes in water levels. 
(vi) Based on water level data of wells, pre and post-monsoon depth to water, 
water table contour and water level fluctuation maps were prepared to study the 
groundwater movement and to demarcate the area of recharge and discharge, 
(vii) Lithological logs of tubewells drilled by Geological Survey of India were utilized 
for the preparation of hydrogeological cross sections and fence diagram to synthesise 
the aquifer system and their disposition, 
(viii) Groundwater samples from shallow and deep aquifers were collected and 
analyzed for major and trace elements,to study the vertical differences in grounwater 
quality and to determine its suitability for domestic and agricultural purposes, 
(ix) Distribution maps of various chemical constituents were prepared to study the 
spatial changes in groundwater quality. Various chemical facies have been determined 
through plotting chemical data on trilinear diagram. 
(x) Correlation matrix composed of the chemical parameters measured in 
groundwater samples was generated to investigate the relationship among various 
water quality parameters. 
PREVIOUS WORK 
The earliest geological mapping in the area dates back to 1917 by Heron, who 
grouped the hard rocks of Delhi into Alwar series of Delhi system. Taylor (1935) 
carried out statistical analysis of rainfall and water level data in parts of Ganga basin. 
After comprehensive study and field experiments on transmitting capacityof water 
bearing formations, he concluded that in alluvial tract the tubewell of 1.5 cusecs 
capacity spaced to a mile to one and half mile apart can safely be operated without 
any appreciable depletion in regional water table. 
Auden (1936) has carried out hydrogeological investigations in gangetic alluvial 
tract of Uttar Pradesh and submitted to the U.P. government, a number of technical 
reports concerning ground water occurrence and suitability for sinking tubwells. 
Geddes (1960), Sharma and Sharma (1973), Pal and Bhattacharya (1979), 
Srivastava (1983), Khan etal. (1988) and Ghosh and Sing (1988) discussed different 
aspects of geomorphology in Gangetic plain while Rao (1973) made systematic study 
on the sub-surface geology of the Indo- gangetic plains. 
Deterministic approaches concerning groundwater balance were attempted by 
Bhatnagar et al. (1977) in upper Yamuna basin. Sinha (1980) made realistic attempts 
to study geology, geomorphology and hydrogeology in parts of Yamuna river basin, 
inFaridabad, Ghaziabad and Delhi. He used lithological logs of tubwells to describe 
the geometry and disposition of aquifer system. 
Handa (1975, 1981, 1983, 1986, 1987, 1988 ) has done comprehensive work 
on hydrochemistry, groundwater pollution and hydrogeology in India including the 
Yamuna river sub-basin. Extensive works on groundwater pollution, groundwater 
resource potential and chemical quality of water in the basin have been carried out by 
Kakar and Bhatnagar (1983), Kakar and Das (1981) and Kakar (1985,1989). They 
conducted aquifer tests in the basin to describe groundwater flow path. They further 
studied the movement of pollutants in saturated and unsaturated zone, their impact 
on groundwater quality and delineated different water quality zones using 
hydrochemical data. 
A series of hydrogeological surveys were conducted in Indo-gangetic plain by 
Pathak (1978, 1982, 1985, 1988) and Pathak et al. (1985). They investigated 
groundwater resources and development potential not only in Indo-gangetic plain 
but other parts of India too. Singh (1992) presented brief account of the geological 
evolution of gangetic plain. He emphasized that an important aspect of gangetic plain 
is that all the geomorphic processes are depositional, where always a few meter thick 
Holocene top cover is present. 
Khurshid and Israili (1988) assessed the poUutional load and quality of water in 
western part of Yamuna river sub-basin. Singh et al. (1993) described the regional 
extent and configuration of the hydrogeologic units that composed the Quaternary 
alluvial aquifers in Ghaziabad. They unfolded the hydrogeologicd complexities 
prevailing in the area and availability of groundwater in the identified different 
geomorphic zones. The studies have demonstrated that down to average drilling depth 
of 100m a single hydrological systems prevailed in the area. 
Jain and Sharma (1997) provided an excellent account on relationship among 
water quality parameters and established that conductivity is strongly and positively 
correlated with chloride, sodium, potassium and Total Dissolved Solids (TDS). This 
has also been confirmed in numerous scientific papers ( Johanson and Carlson 1976, 
Ehrig 1983, and Christenson et al. (1994). Boating and Jeffrey (1999) developed a 
two dimensional probabilistic transport model to carry out sensitivity analysis of 
contaminant transport in unsaturated zone. 
Besides, various agencies viz. Central Ground Water Board ( C.G.W.B ), 
Irrigation Research Insititute Roorkee, State Ground Water Department and Minor 
Irrigation Department are engaged in hydrogeological investigations of the alluvial 
tract of Ganga and Yamuna rivers. 
Fig. 1.1: Location map of the study area. 
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PHYSIOGRAPHY AND DRAINAGE 
PHYSIOGRAPHY 
India is divided into three distinct physiographic units viz: the Peninsular 
Shield, Extra Peninsula and Indo-gangetic plain (Fig 2.1). The study area forms a 
part of the middle reaches of the Yamuna river sub-basin of Ganga plain which itself 
constitutes a part of the Indo-gangetic plain. Indo-gangetic plain is the largest alluvial 
plain of the world, which has been formed by deposition of terrigenous clastic sediments 
through the streams of Indus, Ganga and Brahmaputra river systems (Singh, 1992). 
The area under investigation forming parts of Faridabad and Ghaziabad districts of 
Haryana and Uttar Pradesh respectively extends on both the banks of the Yamuna 
and is enveloped by the alluvial deposits over its major part. 
Indo-gangetic plain extends upto low peneplained ridges of Precambrian Aravalli 
chain. Area to the southeast and northeast of this rocky surface upto and beyond the 
Yamuna is a vast gently sloping alluvial deposits with intervening low land characterized 
by subdued microrelief representing the flood plains. 
Physiographically, the study area can be divided into three distinct sub-divisions; 
(i) Rocky Surface 
(ii) Higher Alluvial Suraface 
(iii) Flood Plains 
/ Rocky Surface 
The western part of the area is occupied by peneplained ridges of Aravalli 
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Fig. 2.1: Physiographic divisions of India. 
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mountain chain. These ridges are flat-topped and do not show appreciable differences 
and hence bears the look of plateau. They are the south-eastern extension of the main 
ridge system. The rocky surface appears to be elongated in a general N-S to NNE-
SSW direction with elevation varying from 213mto314m relative to surrounding 
plains. 
The rocky surface has an over all slope towards north and east. On the eastern 
side, the ridge slopes towards the Yamuna river with a gradient of about 3.3m/ km. 
On the southern side, it terminates abruptly plunging beneath the alluvium while 
towards north it gradually slopes beneath the alluvium. The rocky surface in the east 
and south is fringed by a narrow piedmont zone as observed near Badhkal. The zone 
is occupied by a thin soil cover composed of yellow gritty sand clay with irregularly 
dispersed angular rock fragments and kankar (calcareous nodules). 
Higher Alluvial Surface 
To the east and south of the rocky surface is an extensive alluvial tract designated 
as Surana - Faridabad surface by Sinha (1980). The surface has a general elevation of 
224m above mean sea level in the northern part and slopes down southerly to an 
average elevation of 213m to 210 m.a.m.s.1. in the central part around Ghaziabad 
and finally an average altitude of 196-199m in the southern part around Ballabgarh. 
In the study area, no significant dissection or undulation is observed. In the 
southern and south- western parts, abandoned charmels, cut oflf meanders, fossil 
sandbars, levees marshes etc. impart microrelief to the area. Fossil levees and sandbars 
occur in abundance in the south-western and western parts towards Atalli, Chhansa, 
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Tilpat and Jasana. 
Field seaning of LANDSAT imagery on 1: 50,000 scale by the Geological Survey 
of India revealed the presences of reUct fluvial features over this surface, a lighter 
photo-tone, and a break in slope separating it from adjoining rocky surface. Higher 
alluvial surface in the area is drained by the Yamuna river. The lower plains are 
characterized by extensive agricuUural activities and spatial disposition of wells and 
tubewells. 
Flood Plain 
There extends a low and even flat surface on either banks of the Yamuna called 
flood plains. The flood plains are characterized by heterogeneity of land forms. There 
is a capping of greyish fine sand or slight greyish to greyish brown silt clay, often 
intercalated with calcareous concretions of varying sizes. A host of abandoned drainage 
channels have given rise to numerous lakes and marshy lands in this area. 
The present day flood plains extend upto 2.5 km along either banks of the 
Yamuna. However, They are well developed on the eastern bank with an average 
width of 2.5 km but upto 4 km at places. The palaeo Yamuna river was characterized 
by the 8-15 km wide river valley as compared to the present day 3-10 km wide floods 
plain (Mukherji,1963). This indicates that earlier phase of the Yamuna has much 
larger carrying capacity with higher discharges. 
During the last hundred years the river underwent a drastic change from 
meandering to present day braided type consequent to the decrease in water budget 
and increase in sediment load (Singh, 1990), due to construction of a barrage at 
Tajewala where the eastern and western Yamuna canals emerge leaving hardly any 
14 
water in the channel on the down stream side. 
At flood plains at least three major abandoned channels, two of these associated 
with levees and sand bars, occupy the central part in north-south direction (Sinha, 
1980). It is reported that thirty years back, the eastern part of these abandoned channels 
was ephimeral to river Hindon. The second channel is aligned in NW- SE direction 
and Joins the present day Yamuna flood plain, as can be seen at 2 km west of Chaprauli. 
Some parts of flood plain around ChaprauU, Tilpat, Dadsia etc. show close 
clusters of anastomosing channels, cut ofiFmeanders, marshes, oxbow lakes, low level 
localized terraces and thus appear to be zone of perpretual active channel oscillation. 
It is reported that Tilpat village north of Faridabad was washed away by Yamuna 
during the historic past but now has shifted about 3 km from this locality. 
GEOMORPHIC PROCESSES 
Geomorphic processes which have been operated in the area include fluvial, 
denudational and tectonic, the most significant being the fluvial process. The Yamuna 
comprises the main drainage system in the study area flowing towards southerly 
direction turning gradually in the south to south-eastward direction between Okhla 
and Manjhauli. In this stretch it is highly braided and show, profuse development of 
anastomosing channels. The change in the trend of the river may possibly due to 
steepening of the slope of the river. 
The entrenched nature of the Yamuna is evidenced by 2-4 km high vertical 
banks near Delhi and Manjhauli, the vertical banks are seen both along the flood 
plains as well as the higher alluvial surface.The Yamuna has scoured the top of the 
higher alluvial surfaces forming a narrow zone of flood plain deposits over it. 
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Denudational processes are another significant agency engaged in sculpturing 
the land forms.The closely spaced intersecting joints help in the percolation of water 
resulting in leaching of cementing material, leaving behind a gritty and coarse quartzite. 
The close spaced joints and weathering through exfoliation and subsequent widening 
of joints by water action could have resulted in the occurrence of large ferrugenous 
boulders over the parrent outcrop. 
The area is situated at the tip of and just outside the fringes of Aravalli mountain 
chain which is considered to be a part of relatively stable peninsular shield. The area 
lies in the belt of moderate damage zone on the seismic map of India. Tectonic processes 
have played significant role in shapping the landforms and drainage of the study area. 
According to Narayan and Muktinath as quoted by Sinha (1980), the earthquakes get 
generated by slipping of alluvium down the floors of Alwar evidently on account of 
some regional strain. The anamolous widening of Yamuna flood plain and the easterly 
basement slope at Shahadra is indicative of the occurrence of neotectonism. The 
westward migration of the Yamuna might have been an associated process. 
The gangetic plain occupies the central position in the Indo-gangetic plain and 
extends from Delhi ridge in the west to Rajmahal hills in the east. It is an active 
peripheral foreland basin, formed on the underthrusting Indian plate due to thrust-
fold loading of the Himalayan Orogen. Eastern part of study area lies on the western 
part of gangetic plain. Based on the foreland basin tectonics the gangetic plain is divided 
into three zones., the piedmont zone, central alluvial plain and Marginal alluvial plain 
(Fig 2.2). 
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Drainage 
The study area is drained by the Yamuna river (Fig. 2.3) which shows distinct 
braiding characters as indicated by (i) abundance of anastomosing channels around 
Chhansa and (ii) presence of numerous point bars and channel bars in the entire 
stretch of the river in the present area. There are numerous small drains, nala and 
distributaries flowing over the area. 
Agra and Gurgaon canals are the important canals flowing southerly in the 
central part of the area. These canals receive effluents of industries and domestic 
wastes and finally drains into the Yamuna river. Chhansa distributary covers a large 
part of south-eastern area of Faridabad and is used for irrigation. The southern part 
of the^area is drained by Rampur, Ballabgarh and Sikri distributaries.The Tilpat drain 
originates at the ridges north of Faridabad flowing into Yamuna from the west. 
Bhuriya nala appears to be branching off from the Hindon and flows into the Yamuna. 
The drainage history indicates a significant charmel shift by the Yamuna by over 
15 km westward and by Hindon river to south of Ghaziabad through abandoned 
channel of the Yamuna. The westward shift of the Yamuna can be inferred by the very 
close spacing of meander scrolls, cut-ofi" meanders, swamps and sand-bars on flood 
plain. 
CLIMATE AND RAINFALL 
The area has typical tropical climate with extremes in summer and winter. The 
summer begins by the end of March and continues upto June, with appreciable heat 
and dust storms of severe intensity. The mercury shoots upto 44° C or even more 
during May every year and drops to below 5° C during January. 
la 
Fig. 2.3: Drainage and physiographic divisions 
map of the area. 
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Winter season, from middle Novmbo- to end of February, is severely cold during 
December-January. The relative humidity is variable being maximum during the month 
of August and minimum during the month of May. The wind speed being maximum 
during May-June and minimum during December- January. 
Rainfall 
The precipitation takes place due to south-west monsoon during the months of 
July to September and accounts for nearly 80 to 90% of the armual rainfall. The 
remaining 10 to 20% of rainfall takes place from January to March during winter 
period. The average annual rainfall in Faridabad and Ghaziabad is 487.73 mm and 
680.30mm respectivelly. Monthly rainfall data of Faridabad and Ghaziabad has been 
summarized in Appendix I A «& I B respectively. A persual of Fig- 2.4 indicates that 
the maximum rainfall occurred in the month of August in Faridabad in both the Years 
1996 & 1997-
Areal Distribution of Rainfall 
In order to understand the areal distribution pattern of annual rainfall, Isohyetal 
maps (Fig-2.5&2.6) have been prepared. On the persual of these maps, it is observed 
that the intensity of rainfall decreases from east to west. The south-western part of 
the area receives less rainfall as compared to north-eastern part. 
Departures 
The departure and cumulative departure from the mean annual rainfall for 
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Fig. 2.5: Isohyetal map of Faridabad (year, 1996). 
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Fig. 2.6: Isohyetal map of Faridabad (year, 1997). 
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Faridabad and Ghazaibad districts are presented in Appendix 1C & 1D and are shown 
in Fig. 2.7a & 2.7b and Fig 2.8a & 2.8b. The departures show wide variation from the 
mean, indicating the eractic nature of the rainfall whereas cumulative departure end 
up around the mean annual rainfall reflecting a cumulative compensating effect as far 
as the quantum of excess and deficient rainfall over a larger period are concerned. 
Variability of Rainfall 
The available average annual rainfall data of Faridabad and Ghaziabad for the 
period from 1987 to 1997 and 1983 to 1993 respectively have been statistically analysed 
and resuhs are tabulated (Table 2.1). The table shows that the highest rainfall in 
Faridabad was 720 mm during 1988 and the lowest being 257 mm during 1987. In 
Ghaziabad the highest rainfall (1187 mm) was recorded in 1983 and the lowest (243 
mm) in 1987, showing a wide range of variation. The average annual rainfall for the 
entire study area is 584.02 mm. The standard deviation of rainfall data was 130.2 in 
Faridabad and 247.17 in Ghaziabad. 
The coeflScient of variation in the basin varies from 26.68 to 36.33%, being 
minimum in Faridabad and maximum in Ghaziabad. This shows that the occurrence 
of rainfall varies mildly all over the area.The average coeflBcient of variation in the 
area was 31.51% indicating a significant variability of rainfall in time and space. 
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Table- 2.1: Results of Statistical Analysis of Average Annual Raiifell 
in Faridabad and Ghaziabad Districts. 
Faridabad 
highest rainfall (1988) 
lowest rainfall (1987) 
Mean (11 years) 
Standard deviation 
CoeflEicient of variation 
Ghaziabad 
Highest rainfall (1983) 
Lowest rainfall (1987) 
Mean (10 years) 
Standard devition 
Coefficient of variation 
Drought Analysis 
Droughts and floods are the consequences of the variability of rainfall in space 
and time. The occurrence of drought results in the reduction of stream flow and 
hence reduction of reservoir and tank levels, depletion of soil moisture and 
groundwater. The drought characteristics and its consequences vary from area to 
area depending upon hydrological, hydrometeorological and agroclimatological 
conditions prevailing in the area. 
With developing techniques of operational management of water resources, a 
drought condition has to be viewed from three diflFerent aspects ( Upadhya et al. , 
1989); 
720 mm 
257 mm 
487.73 mm 
130.2 
26.68% 
11.87 mm 
243 mm 
680.3 mm 
247.17 mm 
36.33% 
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(i) Agricultural: When soil moisture is inadequate to support healthy 
growth of crops. Water table goes deeper and 
groundwater water is unable to meet the 
demand. 
(ii) Hydrological: When there is marked depletion of surface water 
resources. 
(iii) Meteorological: When actual rainfall is less then the normal (long term 
climatological mean) by 25% over an area. 
The study area is mainly an agricultural tract and forms a part of Yamuna river 
sub-basin of western Ganga plain. Therefore, the drought analyses are based on 
agricultural aspect which takes into account the negative departure of rainfall from 
the mean. The classification of droughts based on the percentage of the negative 
departure of rainfall from its mean is as follows; 
Percentage of Departure Type of Drought 
0.1-25.0 Mild drought 
25.1-50.0 Normal drought 
50.1-75.0 Severe drought 
75.1- 100.0 Most severe/rare drought 
Drought analysis at Faridabad and Ghaziabad is summarise in table 2.2 and 2.3 
respectively. Present study shows that the average frequency of mild drought is 25.64%, 
30 
normal drought is 14.09% while the severe drought has not occurred in Faridabad 
over a period of 11 Years (1987 to 1997). The frequency of severe drought at 
Ghaziabad during a period from 1983 to 1993 is 10%. 
Table 2.2. Results of Drought analysis at Faridabad. 
Type of drought Years Frequency of occurrence 
Mild drought (0-25%) 1992, 1993, 1995 27.27% 
Normal drought (25-50%) 1987,1989 18.18% 
Severe drought (50-100%) 
Table 2.3 Results of Drouglit analysis at Ghaziabad 
Type of drought Years Frequency of occurrence 
Mild drought (0-25%) 1984,1986,1993 30.0% 
Normal drought (25-50%) 1989 10.0% 
Severe drought (50-100%) 1987 10.0% 
Periodicity of Floods and Droughts 
It may be noted that the average rainfall (Rm) at Faridabad is 487.73 mm and 
680.30 mm at Ghaziabad, while the standard deviation (a) is 130.2 and 247.17 at 
Faridabad and Ghaziabad respectively. The level of rainfall such as normal, above 
normal and below normal may be defined in view of the standard criteria (Jain, et al. 
1997) as follows; 
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(i) Normal = Rm ± lo 
(ii) Above normal > Rm + lo 
(iii) Below normal < Rm - la 
The statistical analysis based on the equal probability of occurrence of rainfall 
with respect to average (Rm) and standard deviation (a) is given in table 2.4 & 2.5. 
On the persual of tables, it is seen that the number of years for above and below 
normal rains in Faridabad is 2 and 2 respectively, while in Ghaziabad the numbers of 
years for above and below normal is 1 and 2 respectively.This shows a total of 4 
years out of 11 years in Faridabad deviate from normal rains thereby indicating 
36.4% period as fluctuating from average rainfall. In Ghaziabad 30% period fluctu-
ates from average rainfall. 
Table 2.4: Different levels of rainfall at Faridabad. 
Level of Rainfall Years 
Normal (358- 618mm) 1991,1992,1993,1994,1995, 
1996, 1997 
Above Normal (> 618 mm) 1988, 1990 
Below normal (< 358 mm) 1987, 1989 
Table 2.5 Different levels of Rainfall at Ghaziabad 
Level of Rainfall Years 
Normal (433 - 920 mm) 1984,1985,1986,1988,1990, 
1992, 1993 
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Above normal" (>920 mm) 1983 
Below normal (<433 mm) 1987,1989 
We may further define as following, the rainfall in standard five categories 
viz: normal, excess, flood, deficit and drought to understand better the rainfall char-
the area. Different levels of rainfall at Faridabad and Ghaziabad are given in table 
2.6 and 2.7. 
(i) Normal = Rm ± la 
(ii) Excess > Rm + la but < Rm + 2a 
(iii) Hood > Rm + 2a 
(iv) Deficit < Rm - la but > Rm - 2a 
(v) Drought < Rm - 2a 
Table 2.6: Number of years and different levels of Rainfall at Faridabad. 
Level of Rainfall Number of years 
Normal (358 - 618 mm) 7 (1991,1992, 1993, 1994, 
1995, 1996, 1997,) 
Excess (618 - 748 mm ) 2 (1990, 1988) 
Hood (> 748 mm) 
Deficit (358 - 228 mm) 2 (1987, 1989) 
Drought (< 228 mm) 
Table 2.7: Number of years and different levels of Rainfall at Faridabad. 
Levels of Rainfall number of years 
Normal (433 - 920 mm) 7 (1984, 1985, 1986, 1988, 1990, 1992, 
1993) 
33 
Excess (920- 1174mm) 
Rood (>1174 mm ) 1(1983) 
Deficit (433 - 186 mm) 2 (1987, 1989) 
Drought (< 186 mm) 
LANDUSE PATTERN 
Faridabad and Ghaziabad districts are parts of Ganga - Yamuna doab located 
adjacent to Union Territory of Delhi. Both the districts are progressive administrative 
units, both in the development of agriculture as well as in industrial domain. Faridabad 
has an area of 2150 sq km which is about 4.86% of the Haryana state whereas 
Ghaziabad covers an area of about 2596 sq.km. The total population of Ghaziabad 
and Faridabad as per 1991 census was about 27.5 lakh and 15.5 lakh respectively. 
Each type of landuse is influenced by the use of water in a particular form. The land 
utilization patterns of the area are furnished in the following tables. 
Table -2.8: Land under different uses (Faridabad) 
Utilization Area (hectares) 
Forest and Pasture 12,578 
Fallow land 31,833 
Cultivated land 1,63,633 
Gross sown area 2,43,959 
Table - 2.9: Land under different uses (Ghaziabad) 
Utilization Area (hectares 
Forest 2556 
Cultivable waste land 7568 
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FaUow land 17541 
Pastures 521 
Grooves 1315 
Miscellaneous use other than agriculture 36295 
User and unsuitable for agriculture 9252 
Net area under agriculture 184407 
The total area considered for land utilization in Ghaziabad has been taken as 
259455 hectare as per the statistical diary for the year 1991. On the persual of Table 
(2.9), it is seen that 71 % of the area is under agriculture and 14% is under miscellaneous 
use. About 9.6% of the total area is presently fallow and cultivable waste, which need 
to be brought under agricultural and industrial uses. 
The entire area is under cuhivation of Rabi and Kharif, therefore, natural vegetal 
growth is low and sparse. Kharif crops dominate the area. The main crops grown in 
the area are wheat, sugarcane, maize, Jawar and bajra. Paddy is grown only in the 
limited area. 
Irrigation 
Irrigation in the area is being carried out by the both surface water and 
groundwater. Shallow and deep tubewells fiorm the chief sources of the irrigation 
water supply. Agra and Gurgaon canals and its distributaries are used to irrigate 
central part of Faridabad. The western part of Ghaziabad is being irrigated by upper 
Ganga canal and its distributaries. Area irrigated by different sources is given in the 
following table (2.10)-
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Table 2.10: Area irrigated through different sources 
Sources Net irrieated area Thectares) 
Faridabad Ghaziabad 
Canals 38,400 48,210 
Tubewells 78,400 1,25,069 
Other sources 800 575 
Total 1,17,600 1,73,854 
The total irrigated area in Faridabad and Ghazaiabad is 1,17,600 ha and 1,73,85 
ha respectively (Table 2.10). 66.6% of the total irrigated area in Faridabad is irrigated 
through groundwater structures while only 33.4% of the area is irrigated through 
canal networks and other sources. In Ghaziabad 71.9% of the total area is irrigated 
by groundwater system and remaining 24,1% through canal and other sources. 
Soil Types Of The Area 
The development of soil in the area can be ascribed to different erosional and 
depositinoal agencies. Different morphological units have been bestowed with 
different types of soils. The alluvium brought by the Yamuna spreads all over the 
area. The alluvial soil of the study area has been divided into two broad divisions, the 
older alluvium and younger alluvium. 
The soils range from pure sand to stiff clay, with all combinations of the two 
extreme lithounits. The pure sand is called Bhur and is commonly found close to the 
Yamuna river in geomorphic units namely sand dunes and natural levees. The water 
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holding capacity of these soils is low. They are deficient in organic matter, calcium 
and clay. The surface soil is compact silty clay or sandy clay which is calcareous in 
nature at certain places. The Bhangar soil occupies the level of plains above the 
general flood limits of the river. These soils vary from clayey loam to sandy loam 
depending on the land form and the drainage of the region. 
Sandy loam occurs in the western and southern part of the area but it becomes 
silty in northern part. The soils are sandy in texture and brown or reddish brown in 
colour. The western part of Yamuna flood plains show development of light brownish 
grey silt or sand over the surface. Grey sill or sand is incoherrent and is confined in 
the vicinity of fluvial features while the light brownish grey silt and clay developed 
over terrace surfaces which are not always flooded. 
The soil at place is characterized by the presence of impure calcarious 
concretions known as "kankar" and is found at different depths. The presence of 
kankar in the soil profile causes water logging and gives rise to alkaline soil. Alkalinity 
and bad physical character of the soils render them unfit for normal agricultural 
uses. 
CHAPTER - 3 
GEOLOGY 
CHAPTER -3 
GEOLOGY 
GENERAL GEOLOGY 
Three strikingly well marked regions can be distinguished on the physical map 
of India. The first is the Peninsular Shield lying to the south of the plains of the Indus 
and Ganga river system. The second division comprises the Indo-gangetic plains 
stretching across northern India from Assam and Bengal on the east, through Bihar 
and Uttar Pradesh, to Punjab and Sindh on the west. The third is the Extra Peninsular 
mountainous region forming Himalayan ranges. 
The peninsular shield with varied physiography comprises complex association 
of plateau, mountains with widely distributed drainage, peneplained ancient folded 
mountains, massifs, elongated graben like valleys and coastal plains. The western 
Ghats running from the Tapti river in the north to cape camorin in the south are the 
most prominent orographic features along the western fringe of the Peninsular India. 
Structurally the peninsula represents a stable block of the earth crust which has 
remained unaffected by mountain building movements since the close of Precambrian 
age. The later changes have been mainly of the nature of normal and block faulting 
due to which some parts have sunk down relative to other. 
The Extra Peninsula comprising Himalayan range is a region of folded and 
overthrust mountain chains of geologically recent origin. The Himalayan beU extends 
for a total lengh of about 2400 km from Nanga parbat in the west to Numcha Burwa 
in the east. The rivers of the Himalayas are youthful and are actively eroding their 
beds in precipitous courses and carving out deep and steep sided gorges and flow 
across it in order to join the plain. 
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The Indo-gangetic plain in which the study area lies, is a deep crustal trough 
filled with Quaternary sediments through the streams of Indus, Ganga and 
Brahamaputra river system. The northern fringe of the Indian peninsula gently dips 
northwards beneath this plain. The Gangetic plam occupying the central position in 
the Indo- gangetic plain is a foreland basin which is subjected to compressional forces 
due to underthrusting of Indian Plate. The Quaternary alluvium of the plain rests on 
a basement which is sometimes made up of late Proterozoic sediments or metamorphic 
Precambrain rocks. The maximum thickness of the Quaternary sediments is 
encountered along its northen fringes near the foredeep folded belt of Siwalik Hills. 
The Indo-gangetic plsun is divided into four shelf areas separated from one 
another by three transverse highs, the Delhi MuzaflFamagar Ridge, Faizabad Ridge 
and Monghyr-Saharsa Ridge from west to east, (Fig.3.1). Near the western margin of 
Gangetic plain the rocks of Delhi - Aravalli tectonic trend continue towards north to 
northeast. The thickness of alluvium over this Delhi ridge is much reduced. In the 
middle part of Gangetic plain, a basement ridge structure, commonly known as 
Faizabad ridge exists as a continuation of Bundelkhand massif This ridge also shows 
reduced thickness of the alluvium. Monghyr- Saharsa ridge is a continuation of Satpura 
trend which extends below the alluvium in the eastern part of Gangetic plain. 
ORIGIN OF INDO-GANGETIC ALLUVIUM 
The alluvial tract is of the nature of a synclinal basin formed with the elevation 
of the Himalaya to its north. Sues (1904-1924) considered it as a foredeep formed 
infront of the high crust waves of the Himalayas as they were checked in their 
southward advance by the inflexible solid land mass of the Peninsula. According to 
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Krishnan (1968). Indo-gangetic trough is a region formed by buckling down of the 
crust due to pressure exerted on the borders of the Peninsula by compressive forces. 
Valdiya (1976) interpreted it as a result of sag^ng of the northern plank of the platform 
around the Bundelkhand shield following the main episode of the Himalayan orogeny 
According tot)ickenson (1974), the Indo-gangetic trough is formed as a result 
of continent - continent collision between Indian and Asian Plates. Singh (1989) 
considered it as part of active fore-land basin developed on the underthrusted Indian 
plate. Ghosh and Singh (1988) emphasized that the folding loading tectonics in the 
Himalaya reactivated the Son-Narmada lineament causing uplift of Bundelkhand-
Vmdhyan plateau and development of northern slope (Fig. 3.2 ). Mukherji (1963) 
explained that river valley terrace surface of Ganga river occupies very broad valleys 
and must have been formed under conditions of much larger discharge in the past, 
that the present day Ganga river carrying lower discharge and making narrow flood 
plains. 
The major basins of Indo-gangetic plain include Ganga basin, Bengal basin, 
Brahmaputra basin, Punjab basin and Indus basin (Fig.3.1). The Ganga basin in which 
the study area lies, occupies an area of about 250,000 sq km covering more than half 
of the total area of the plain. The basin is drained by Ganga river and its tributaries 
including Yamuna which flows through the study area. The sediments of the basin 
comprise sand, silt, and clay with occasional ground beds and lenses of peaty organic 
matter. The older alluvium called 'Bhangar' is dark coloured and generally rich in 
concretions and nodules of impure calcium carbonate (kankar). The newer alluvium 
called 'khadar' is light coloured and poor in calcareous matter with lenticular beds. 
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REGIONAL GEOLOGICAL SET-UP 
The study area is occupied by Quaternary alluvium and Precambrian Alwar 
quartzites of Delhi supergroup. The latter are exposed in the main Aravalli mountain 
chain extending from Delhi through parts of Haryana and Rajasthan to Gujarat (Fig. 
3.2). The Precambrian Alwar quartzites, the oldest geological formation in the area, 
occur as peneplained ridges in the western part of the area. The Delhi supergroup lies 
over Gneisses and Railos with great unconformity and is in turn overlain unconformably 
by Vmdhyans. However, in the area under investigation, it is unconformably overlain 
by Quaternary alluvium. 
The linear ridges flattish at the top rise about 70 -120 m above the surrounding 
highest alluvial surface (Sinha, 1980). Though the Precambrian rocks are exposed in 
the area west of Yamuna, their sub-surface extension east of Yamuna have been 
proved on the basis of boreholes drilled for tubewells. The continuity of Alwar 
quartzites beneath the Quaternary alluvium is in a north easterly to north westerly 
direction but at depth the basement has an overall easterly slope and is faulted and 
fractured. The strike of the outcrops varies from N-S to NE-SW with dip towards 
east and southeast in the north and west to northwest in the south. 
The stratgraphic sequence of the area is as follows : 
Time Rock Unit Time Unit Rock Type 
Alluvium Recent and Pleistocene 
Delhi supergroup Precambrian 
Railo Series 
unconformity-
unconformity-
Clay, silt sand and 
kankar 
Alwar quartzite 
interbedded with mica 
schist. 
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Ahvar Quartzite 
The Ahvar quartzites are distributed rather unevenly, throughout the northern 
parts of the Aravalli range, disappearing in the central part and reappearing in the 
southern part. In the northern areas, the Alwar Group rests over the Railo Group 
with an unconformable contact whereas in the southern part it rests on the Aravallis. 
The Alwars are 10,000 to 13,000 feet thick comprising compact quartzites, 
conglomerates and grits. The upper beds show an admixture of argillaceous materials. 
The quartzites are mottled and streaked with brown colour, also containing fragment 
of granitic rocks presumably derived from the underlying Banded Gneissic Complex 
(BGC) and other rocks of Archean basement. 
The Alwar quartzites at places contain deposits of iron and copper ores. The 
lower parts of Alwars have several contemporaneous basic lava flows and sills. Thin 
and numerous parallel sills are sometimes noted in quartzites at places and these may 
represent metamorphosed volcanic ash interbedded with quartzites. 
In the study area, the western and north-western part of Faridabad is occupied 
by Alwar quartzites which form high hill ranges and generally strike in NNE-SSW 
direction with easterly dips. Geomorphologically the Alwar quartzites are expressed 
as ridges. These ridges represent not only the highest but also the oldest landform of 
the area. 
The quartzites are dirty white, pale grey or pale pinkish and purple in colour 
and are contact, hard, thick-bedded and, at places, arkosic in nature. They are generlly 
vitreous, dose textured and highly jointed. The prominent joint sets are strike joints, 
bedding joints and dip joints. The dip of strike joints is agamst those of the beds, 
giving rise to rectangular blocks. The joints are open at the surface and tend to close 
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at depth. 
The quartzites are interbedded with bands of mica-schist varying in thickness 
from a few centimetres to three metres representing the oldest rock type in the area. 
The quartzite exposure in a quarry near Tajpur shows alteration into kaoline, limonite 
and sericite and high degree of weathering. 
Alluvium 
Overlying unconformabaly the folded and faulted Precambrian Alwar quartzite 
are deposits of alluvium of Quartemary age over a major part of the area. The alluvial 
sediments comprise sequence of clay, silt, different grades of sand, gravel and kankar 
(calcareous nodules) in varying proportions. The borehole records suggest a maximum 
thickness of atleast 150 m for this formation at Faridabad and about 500 to 600 m at 
Ghaziabad. The deposits are river laid, lenticular in shape with thickness increases 
towards east and southeast. 
The older alluvium, generally occupying the relatively higher grounds is 
made up of massive beds of clay of a pale reddish brown colour, very often yellowish 
with kankar disseminated throughout. On the other hand the newer alluvium confining 
mainly to the river valleys is light coloured, poor in calcareous matter and is made up 
of coarse gravels, sandy clay and sand in the proximity of the river charmels, and fine 
silt in the flatter distal parts of the river plains. 
The lithologs of the tubewells drilled in Faridabad show that the alluvium within 
40 to 50 m depth comprises mainly of sand with clay and kankar intercalations and is 
predominently clayey at deeper levels. Gravel and calcium carbonate concretions are 
quite common at shallw depth as thin beds and lenses or as nodules disseminated in 
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clay. A hiatus in sedimentation or change in cHmatic conditions may be responsible 
for the kankar development in (Afferent horizons. The clay sand thickness ratio down 
to the depth range of 70 - 80 m showed normal distribution. However, at greater 
depth a different distribution suggests changes in the depositional regime. The 
Quartemary alluvial deposits are considered to be fluvial in origin. 
CHAPTER - 4 
GROUNDWATER POLLUTION: 
ITS ORIGIN AND SOURCES 
CHAPTER-4 
GROUND WATER POLLUTION: ITS ORIGIN AND SOURCES 
Groundwater pollution may be defined as the artificially induced degradation 
of natural groundwater quality. The economic boom that India has experienced in the 
past twenty years has brought both increased industrial and urban waste disposal 
problems. Industrial treatment sludges, along with an array of other industrial, 
hazardous and domestic wastes, were being indiscriminately dumped in the vicinity 
of factories, disused rock quarries and sand pits or in areas previously considered to 
be undesirable. Prior to 1980s, there had been little consideration given to the impact 
of wastes on land and groundwater. But by the end of 1980s, the problem of managing 
sites had arisen from the contamination of soil and groundwater and the potential 
risks to exposed population. 
The groundwater pollution resulting from land disposal of liquid or solid waste 
has stopped the use of some sources of drinking water or precluded the fiiture use of 
groundwater for drinking. When the wastes discharged on land are not concentrated 
or highly toxic, soil and strata may partially or completely purify these as a result of 
attentuation reactions. However, this capacity is not ultimated and with overloading 
of pollutants, serious pollution of groundwater may occur. 
ORIGIN OF WATER POLLUTANTS 
The origin of pollutants can be traced to their natural occurrence on the earth, 
formation by transformation and concentration of natural substances and their man-
made synthesis (Goel, 1997). The pollutants may arise quite naturally to form part of 
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background concentrations in the environment. However their uniform didribution 
and genetic selection have ensured that they cause few troubles and are even absorbed 
by plants and animals without any significant eflFect. Many of them are excreted or 
detoxified by the organisms. 
Some naturally occurring pollutants forming the background concentrations 
are oxides of nitrogen, heavy metals, hydrocarbons and radioactive substances. Some 
pollutants can be formed by the way of concentration and transformation of naturally 
occurring compounds during their domestic, agricultural or industrial use. Some 
important examples of pollutants originated in this way are the generation of sewage 
and the waste water containing agrochemicals, petrochemicals, certain pesticides and 
surfijctants, radionuclides, heavy metals and hydrocarbons. 
Many chemicals do not occur in nature and pollution caused by them is entirely 
man-made. For example plastics, petrochemicals and synthesis of various pesticides 
have introduced a large number of chemicals in the environment that has created 
severe environmental problems. Several of these compounds like plastics and some 
pesticides are non- biodegradable facilitating continuous build-up of their 
concentrations in the environment. 
Over the last decades considerable attention has been focused on environmental 
consideration. Infact, groundwater protection and restoration of contaminated soils 
and waters is an issue that has come under increased public scrutiny. In order to 
minimise the adverse eflfects of pollution and to take remedial measures ,it is necessary 
to study the mechanism of groundwater pollution, the controls on release of pollutants 
and sub-surface movements. 
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MECHANISM OF GROUNDWATER POLLUTION 
The mechanism of groundwater pollution is very much different from that of 
surface water. While the effects of surface water pollution are evident in a short period 
of time due to perceptible changes in colour, order and taste, the groundwater pollution 
may take place several years or decades after pollutants are discharged on land. Some 
of the factors which control groundwater pollution are reactions in top soil, saturated 
and unsaturated zone, laminar' flow of pollutants, effects of specific gravity and 
viscosity and slow movement of pollutants. 
Waker (1973) has observed that recharge water with pollutants appears to 
maintain a bulb like mass as it moves downward to the lower part of the surfacial 
aquifer and then horizontally through the aquifer material to some near by discharge 
point. The pollutants can enter water bodies by: (i) direct discharge in the form of 
domestic and industrial waste water into the system, (ii) runoff and seepage, (iii) river 
flow transport, (iv) reaction and transport across the air-water interface and (v) reaction 
and transport across the water- sediment interface. 
Movements of Pollutants in the Unsaturated Zone 
Pollutants through unsaturated zone move primarily downward from the surface 
and the solute undergoes only a small degree of horizontal displacement. The movement 
of pollutants through unsaturated zone is enhanced by hydraulic and mass transport 
factors such as: 
(i) The hydraulic conductivity and hydrauUc gradient. 
(ii) The relative portion of active pore spaces which transmit water to dead end 
space that traps the pollutants by restricting the movements of water. 
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(iii) The moisture content of the soil. 
(iv) The boundary conditions of the unsaturated zone which influence the amount 
of moisture available for percolation and evapotranspiration. 
(v) The degree of homogeneity of the soil, 
(vi) The climate of the region. 
As the solute moves through the unsaturated zone with the percolating water, 
it tends to spread out due to dead end effect or dispersion (Fig4.1). It may take 
considerable time for solute to percolate through the zone of aeration. As soon as the 
pollutant reaches the saturated zone, it usually spreads out laterally and moves in the 
direction of groundwater flow. 
Movements of Pollutants in Saturated Zone 
The pollutants in the saturated zone either float on the top of the aquifer at the 
water table as in case of immisdble low density hydrocarbons or these move into 
aquifer if contaminated water is buoyant. The important factors that effect movement 
of pollutants in the saturated zone are; 
(i) Convection 
It is the transfer of pollutants by water moving with the same velocity and 
direction as pollutants. The convective motion of a pollutant depends on the 
groundwater flow field which in turn depends on the piezometric head distribution, 
hydraulic conductivity and the boundary directions. 
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(ii) Dispersion 
Apart from density difference causing mixing of pollutants in the aquifer, 
dispersion also plays significant role in mixing. Molecular diffusion results in mixing 
of two adjacent miscible liquids even if there is no flow. In case of mechanical 
dispersion, the spreading is caused by velodty and is higher than molecular dispersion. 
The local velocity varies from point to point due to tortuous nature of media and 
there is velocity profile across each individual saturated pores as a result of which 
water particles have different velocities. Dispersion of pollutants due to lateral flow 
in homogeneous and hetrogeneous material in the saturated zone are given in Fig. 
4.1. 
CHEMICAL PROCESSES INVOLVED DURING MOVEMENT 
OF GROUNDWATER 
During the percolation of water in soil, vadoze zone and movement in saturated 
zone, it undergoes changes in chemical composition. The important chemical processes 
and reactions involved during movement of groundwater are (i) acid and base reaction 
(ii) solubility and precipitation (iii) ion exchange and adsorption (iv) volatility (v) 
oxidation-reduction (vi) heavy metal reactions and (vii) biochemical reactions. 
Apart from various processes which cause mixing of contaminants in 
groundwater system, there are several processes which reduce the effects of pollutants. 
Some of these processes are: (i) dilution (ii) buffering of pH (iii) precipitation (iv) 
mechanical filteration (v) removal due to oxidation reduction reaction (vi) biological 
degradation (vii) volatalization and (viii) membrance filtration. As a result of these 
processes, the distribution of some constituents in groundwater as a result of 
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contamination may be controlled. 
FATE OF POLLUTANTS IN AQUATIC SYSTEM 
The fate of pollutants in the aquatic system depends mainly upon the nature and 
stability of the pollutants and climatological and ecological factors (Goel, 1997). The 
pollutants can broadly be divided into the following three eategories. 
1. Degradable 
2. Non- degradable (conservative) 
3. Biologically accumulative ( persistent) 
Degardable pollutants include a large number of complex organic substances 
which can undergo biological decay by microorganisms. Radioactive isotopes can 
also be classified in this category. Non-degradable substances remain inert to biological 
degradation and can also referred to as conservative substances. All salts and metals 
can be categorized in this group. The pollutants both, degradable and conservative 
which can be accumulated by organism in their bodies, are often called persistent 
substances. The stable and non-biodegradable presistent pollutants can be biologically 
magnified and get distributed to remote places through food chains. The degradable 
pollutants together with some nutrients are degraded or modified in aquatic system 
during which some are absorbed by the organisms, some are released to the atmosphere 
and other may precipitate in the deep sediments of the lakes, river and oceans. 
GROUNDWATER POLLUTION IN THE STUDY AREA 
Water is perhaps the most valuable intake necessary for our survival. It is 
estimated that 70% of all the available water in India is polluted (Ghosh, 1992). 
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Faridabad and Ghaziabad adjoining National Capital Territory of Delhi are the most 
industrialized districts of Haryana and Uttar Pradesh respectively in India. There are 
more than three thousand small and large scale industries manufacturing electrical 
goods, general engineering equipments, tractors, transport and agricultural implements, 
rubber, tyres, paper, plastic^ textile etc. Extensive industrial expansion, urbanization 
and population explosion have changed the enviomment and natural ecosystem of 
the area. Groundwater pollution does play an important role in the assessment of the 
enviommental quality of many areas (Bouzza et al.l998). It is fully recognized that, 
although the process in the soil occurs slowly and often without immediate and dramatic 
consequences, the long term eflFects of contamination will be serious and possibly 
irreversible. 
Groundwater in its percolation through soil and rocks leaches out soluble salts 
and is thus typically mineralized and some time heavily so. The vulnerability of 
groundwater to contamination is determined by the hydrological setting of the aquifer, 
the nature of the contaminants and the effectiveness regulatory actions. In the study 
area, groundwater pollution is taking place due to the following causes, 
(i) Industrial wastes 
(ii) Agricultural activities 
(iii) Urban and domestic wastes 
Groundwater Pollution due to Industrial Wastes 
The industrial wastes have the greatest potential for polluting the receiving 
waters. The nature and composition of industrial wastes widely vary from industry to 
industry and even within the same industry depending upon the raw materials, 
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processes and operational factors. The industrial wastes may have pollutants of almost 
all kinds ranging from simple nutrients organic matter to complex toxic substances. 
The wastes include solid as well liquid wastes. Liquid wastes can be generated by 
different industries, dredging and also by water produced through dewatering of pits. 
The industrial wastes may contain heavy metals such as lead (Pb), cadmium (Cd), 
copper (Cu), zinc (Zn), Nickel (Ni) etc. The concetration of these heavy metals may 
range from 100 to 10,000 ppm in industrial wastes such as those originated from pulp 
and paper and chemical industries. 
In the study area, untreated or partially treated effluents of industries are often 
discharged in the premises of the industries in the depressions which find its way to 
groundwater system. Part of industrial eflluents are directly discharged through unlined 
channels into Agra canal, small drains and Yamuna river. There are large number of 
dyes and pigments, food processing and steel industries in Faridabad and Ghaziabad. 
For manufacture of dyes, heavy metals and their salts, acid and alkalies are used 
(Ghosh, 1992). Most of these, besides small quantities of intermediate compounds 
along with final products are discharged into waste water which ultimately joins the 
groundwater. Food processing wastes from meat, dairy and sugar-beet processing, 
distilling and canning operation generate large amount of organic by-products that 
have been disposed off in waste water. When the waste water is discharged along 
with this by products into surface water, it leads to high BOD and a consequent 
oxygen depletion in the receiving water. 
The efiluents released from metals industries, steel mills, machine tool factories 
are non-fermentable wastes and are generally characterised by low pH and high 
concentration of trace elements. The toxic effluents are discharged by electoplating 
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units, dyeing and chemical industries, tanneries and factories manufacturing 
insecticides. The major effects of toxic discharges on aquatic fauna and water quality 
are fish death and contamination of water by heavy metals (Chowla et al, 1986), 
pesticides and detergMits (Mishra, 1982). 
The solid waste from the industrial belts of Faridabad and Ghaziabad is dumped 
in the vicinity of factories which is subjected to reactions with percolating rain water 
and finally joins the groundwater During reaction this percolating rainwater picks up 
a large number of ions and trace elements and reaches the water level as leachate 
(Fig. 4.2). It follows the flow of groundwater and spread over a large part of the area 
in groundwater system and hence pollutes the water. The inappropriate and often 
careless handling of industrial hazardous wastes create problems for human health 
and the environment. Effective control of the hazardous wastes is therefore, of 
paramount importance for proper health and environmental protection as well as 
natural resource management. 
Various parameters that have potential for groundwater pollution and are 
associated with waste water discharged by major industries are given in table 4.1 
Groundwater Pollution due to Urban and Domestic Wastes 
Domestic waste in the study area is organic in nature and gets oxidized by 
bacterial decomposition to nitrate, phosphate, carbondioxide and water Urban and 
domestic waste of Faridabad in some localities where sewer pipes have been laid are 
passing through pipes in a Gaunchi drain which is lined for some distance and is 
unlined for the remaining portion. This drain^jjassestjirough the rural areas and the 
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the reason for groundwater pollution in Faridabad. 
Domestic sewage consists of water borne waste of the community and contains 
about 99% of water and 1% solids. The major problem associated with sewage are 
the production of dours and spread of disease, organic pollution which leads to oxygen 
depletion in receiving water. The disposal of solid domestic wastes poses many 
problems depending upon both the type of waste and disposal method employed. 
Hundreds of tons of garbage and hozardous wastes are deposited in landfill in 
Faridabad and Ghaziabad. The leakage of leachate through the base of landfill to 
groundwater is one of the most studied parameters. Most sources of hquid that may 
eventually become leachate are water such as (i) precipitaion falling directly onto the 
landfill, (ii) surface flow that has run onto the landfill, (iii) groundwater inflow through 
a portion of the landfill lying below the groundwater table and (iv) the liquid fi-action 
of the waste disposed in the landfill. 
Leachate generation rate in arid climate may be very low. Kenan (1986) has 
indicated that in regions receiving less then 300mm of rainfall, landfill may never 
produce leachate. In a landfill biochemical decay of the organic material results in the 
evolution of gases and hazardous liquids which cause extensive pollution of 
groundwater . Well designed landfill is an important method of waste control. 
Representative ranges of various inorganic constituents in leachate fi-om sanitary landfill 
is given in table 4.2. 
Septic tank, disposal pit and cesspools contribute-fihered sewage effluents 
directly to the ground, (Fig 4.3 & 4.4) and are the more frequently reported sources 
of groundwater contamination especially in rural and sub-urban areas of Ghaziabad 
and Faridabad. 
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Groundwater Pollution due to Agricultural Activities 
Of all the activities of man that influence the quality of groundwater, agriculture 
is probably the most important. Among the maiaagricultural activities that can cause 
degradation of groundwater quality are the usage of fertilizers and pesticides and the 
storage or disposal of livestock fowl waste on land (Freeze and Cherry 1979). In the 
study area among the agricultural sources of pollutants, the common sources are: (a) 
Fertilizers (b) Pesticides (c) Irrigation with waste water (d) Farm animal waste. 
(a) Fertilizers 
In recent years there has been remarkable increase in the use of fertilizers in 
order to enhance the agricultural production in the area. Extensive use of fertilizers 
has created a serious problem of groundwater pollution. The main constituents of 
fertilizers are potassium, phosphorous and nitrogen. Of these main constituents of 
fertilizers, nitrogen in the form of nitrate is the one that most commonly causes 
contamination of groundwater beneath agricultural land. 
Potassium in the form of fertilizers is extensively used in the agricultural areas 
of Faridabad and Ghaziabad. On addition of potassium fertilizers to the soil, the 
concentration of potassium in the soil increases as a result of which the equilibrium 
conditions between the various phases are aflFected (Kakar,1989). Several factors 
such as pH, nature of clays, moisture content of the soil, organic matter etc. also 
control the amount of potassium in the soil. 
Phosphate is a wide spread pollutant from agriculture. The adverse effects of 
phosphate on groundwater are comparatively less due to the fact that soil tends to 
inmiobilise phosphate due to adsorption, isomorphous replacement and double 
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decomposition reaction. The variables which controle the reaction of phosphate in 
soil are pH of the soil, solubility of the soil, solubility of fertilizers, presence of calcareous 
materials and water management practices. There are distinct variations in geochemical 
behaviour of potassium, phosphate and nitrogen in the soil and unsaturated zone. 
Potassium ions undergo base exchange reaction, phosphate ions are most resistant 
to leaching whereas nitrogen ions have tendency to leached and are partly lost by 
denitrification. 
(b) Pesticides 
Pesticides are the presistant pollutants obtained during interaction of lithosphere 
and biosphere. The impact of pesticides on groundwater quality depends on the 
properties of the residue to pesticides, rainfall and soil characteristics. Several pesticides 
have been reported to get bioaccumulated and biomagnified through food chains 
resulting in the secondary poisoning to man. As the agricultural activities are extensive 
in the area, farmers use large quantity of pesticides in order to prevent the crops from 
fungal diseases and eradicate the undesirable plants grown in the crops, hence increase 
the agricultural production. High concentration of pesticides causes adverse effect 
on community health. It has been found that large quantity of pesticides such as DDT, 
deldrin, alderin anirex and heptachlor are all capable of inducing tumour. 
(c) Irrigation with Waste Water 
The waste water from Agra canal is used for irrigation in south eastern rural 
area of Faridabad and the wastewater of Gaunchi drain is being utilized for irrigation 
in south western area. In the eastern part of Yamuna river in Ghaziabad district the 
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groundwater is beeing used for irrigation. The waste water in the area is contributed 
by chemical firms, food and beverage industry, paper, textile and electric material 
industries etc. These waste water contains high concentration of heavy metals, organic 
matter and other toxic substances. The concentration of total dissolved solids in waste 
water is also very high, therefore, when used for irrigation makes the soil saline. 
Percolation of water into ground through the saline soil causes deterioration of 
groundwater quality. 
(d) Farm Animal Waste 
Farm animal waste is another source of groundwater pollution in the study 
area. Animal waste is geneally used as fertilizer in agricultural areas of Faridabad and 
Ghaziabad. The nature and amount of waste product depend on the types of animal 
and its diet. Most of the animal wastes consist of undigested foods largely fibre and 
cellulose. Animal waste may transport salts, organic loads and bacteria into the soil. 
When irrigation water percolates through this soil, poses serious groundwater 
pollution. Nitrate is the most important persistent pollutant caused by farm animal 
waste in the area. 
EFFECTS OF WATER POLLUTION 
The effects of water pollution can broadly be classified into toxic, physico-
chemical, biological and pathogenic. 
Toxic Effects 
Toxic effects of water pollution are caused by pollutants such as heavy metals. 
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cyanide and other inorganic and organic compounds which are detrimental to the 
organism. EflEluents from any industry has a deleterous eflFects on the aquatic 
environment as it alters the natural conditions of the receiving water body and leads 
to the death of aquatic biota (Gautam, et al. 1992). These substances generally have 
very low permissible Umits in water and their concentration beyond these limits can 
render the water unfit for aquatic biota and for human use. Heavy metals such as 
cadmium, lead, mercury and arsenic are highly toxic even in low concentration in 
drinking water. Many of the chemicals, especially non-biodegradable, accumulate in 
the body of organism and biomagnify along the trophic levels causing long term 
eflFects (Goel, 1992). 
Physico-chemical Effects 
A large number of pollutants can impart colour, tastes and odours to the receiving 
waters, thus making them unaesthetic and even unfit for domestic use. The changes 
in oxygen, temperature and pH aflfect the chemistry of water often triggering chemical 
reactions resulting in the formation of unwanted products which are hazardous to 
human and aquatic life. The addition of organic matter resuhs in depletion of oxygen 
with significant increase in carbondioxide causing bacterial degradation.The 
decomposition of excessive organic matter, when undergoes in absence of oxygen, 
results in odorous and unaesthetic condition due to accumulation of several obnoxious 
gases. The algal photosythesis, when consumes CO ,^ increases pH of the water due 
to formation of carbonates which get precipitated as calcium carbonate. 
64 
Biological Effects 
The addition of pollutants in water leads to the shift in flora and fauna due to 
homeostatic factors operating in the aquatic system. Most of the fresh water algae 
are highly sensitive to pollutants and eUmination modifies the prey-predatory 
relationships by breaking down the food chains. These results in change of the whole 
plant and animal communities. The diversity of organisms decreases due to presence 
of only a few tolerant forms in the polluted conditions. 
Pathogenic Effects 
Besides the chemical substances, a few wastes like sewage also contain several 
pathogenic and non-pathogenic microorganisms and viruses which cause adverse effect 
on human health. Many water bom diseases like cholera, typhoid, paratyphoid, colitis 
and infective hepatitis (Jaundice) are spread by consumption of sewage contaminated 
water (Goel 1997). Some microorganisms such as Clostridium and petringens cause 
various types of food poisoning. 
CONTROL OF GROUNDWATER POLLUTION 
The pollution control measures vary with the industries and hydrogeological 
conditions prevalent in the area. In general, the following measures can be usefull in 
controlling groundwater pollution. 
I. Waste Water Treatment 
A number of more advanced (tertiary) treatment processes have been tested in 
recent years. The aim of these procesess has been not only to improve on primary and 
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secondary treatment or to replace biologjcal methods but actually sometime to improve 
the waste water quality to the point at which it can be reused. A wide variety of 
methods are used in advanced waste treatment. The most common methods used for 
industrial effluents include chemical coagulation and filtration, carbon adsorption, 
chemical oxidation, air stripping, biological treatment, electrodialysis and reverse 
osmosis. In the process of electrodialysis, an electrical potential diflference is placed 
across the waste water which produces an electric current making the cations to 
migrate towards the cathode and anions towards the anode (Fig 4.5-a). Reverse 
osmosis involves the movement of water across semi-permeable membrane (i.e. one 
that is permeable to water but not to the dissolved materials) in such a way as to tend 
to equalize the concentrations (Fig.4.5-b). 
2. Manipulation of Sub-surface Gradient by Injection or Withdrawal 
Groundwater pollution can be minimised by manipulation of sub-surface gradient 
by injection or withdrawl of water. Various well systemes include well point systems, 
deep well system, pressure ridge system, combined system and immiscible contaminant 
recover system. The basic objective in these systems is plume manage which is achieved 
by designing well system to control movement of water phase directly and contaminants 
indirectly. Well systems are also used for recovey of immiscible pollutants such as 
hydro-carbons which float on the water table. 
3. Source Control Measures 
Various control measures can minimise or prevent groundwater pollution before 
the pollution processes start. The basic objectives are to reduce the volume of waste 
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or cause physical/chemical alteration in the waste characteristics. Various volume 
reduction measures include recycling, filtration, resource recovery, sand drying, 
chemical fixation, dehydration, detoTdcation and circulation of leachate. 
4. Impermeable Barriers 
Highly toxic pollutants in groundwater can be isolated by use of barriers such 
as steel sheet piles, grout curtains and slurry walls. Barriers are designed to influence 
the sub-surface gradient by placing a low permeability material into the sub-surface. 
Sheet piles provide immediate permeability while grouts and slurries are emulsions 
that require a hardening period to achieve permeability. 
5. Surface Water Control by Capping and Liners 
Efforts are nowadays being directed towards the minimisation of waste 
production or to waste recycling with the aim of reducing significantly the proportions 
of waste being deposited in a landfill. Surface water control measures reduce potential 
infiltration by minimising the amount of surface water flowing into a site. Capping is 
designed to minimise the infihation of surface water or direct precipitation 
Impermeable liners (Fig 4.6) provide groundwater protection by inhibiting downward 
flow of leachate and attenuating pollutants by adsorption process. 
6. In-situ Treatment 
The in-situ treatment can be biological or chemical treatment. These methods 
involve addition of material to the subsurface so as to increase the rate of reaction 
that may remove or immobilise the contaminants. Chemical techniques attempt to 
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immobilise contaminants through chemical reactions whereas biological techniques 
are designed to utilize as food source by microorganism. 
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Table -4.1: Industrial waste water parametes with significant groundwater 
pollution potential: 
Units Parameters having groundwater 
poliution potential 
1. Plup & papers 
2. Steel industries 
3. Petroleum refining 
4. Organic chemical industries 
5. Inorganic chemicals alkalies 
6. Plastic materials and synthetic 
industries 
7. Nitrogen Fertilizer industry 
8. Phosphate Fertilizer industtry 
9. Electroplating 
10. Food processing 
Phenol, colour, sulphite, Nitrogen, 
heavy metals, phosphorous, TDS. 
cyanide, phenols, iron, tin, Zn, Cr, 
Colour, copper, chloride, cyanide, Fe, 
Pb, Zn, N, odour, P, SO ,^ turbidity, 
Phenols, cyanide. Nitrogen, 
aromatics, phenols, F, Hg, P, 
cyanide, Ti, Pb, chlorine industry 
Cu, Al, B, arsenic. 
Nitrate, P, organic nitrogen, 
chlorinated benzenoids 
and polynuclear aromatics, NHj, 
cyanide, Zn. 
SO ,^ organic nitrogen compounds, 
Zn, Ca, COD, Fe, pH, Na, PO, 
acidity, Al, As, Hg, iron, N, SO ,^ 
Uranium, F, Cd. 
Cyanide, Cr, Nickel, Cu, Fe, Cd. 
High BOD, COD, suspended and 
dissolved organic matter 
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Table 4.2: Representative ranges of various inorganic constituents in 
leachate from sanitary landfill (After Griffen et al, 1976). 
Pameter Representative range (mg/L) 
K" 200-1000 
Na' 200-1200 
Ca' 100-300 
Mg'* 100-1500 
CI- 300-3000 
SO/ 10-1000 
4 
Alkalinity 500-10,000 
Fe 1-1000 
Mn 0.01-100 
Cu <10 
Ni 0.01-1 
Zn 0.1-100 
Pb <5 
Hg 0.1-10 
NO; 10-1000 
PO^ 1-100 
pH 4-8 
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HYDROGEOLOGY 
Hydrogeology concerned primarily with the mode of occurrence, distribution, 
movement and chemistry of water occurring in sub-surface in relation to the geological 
environment. It forms the basis of all planning for development and utilization of 
water resources. Management and development of groundwater has become basically 
a social issue in global perspective as every fact of human society has a growing 
demand for water. The scenario of groundwater hydrogelogy, therefore, would 
increasingly embrace prognostic approach on the quantity aspects within the 
framework of various inherent variables present in the heterogeneity of the interactive 
dynamic processes. As progressive improvements and refinements in hydrological 
techniques result in more reliable forecasts of runoff, recharge, floods and droughts, 
it becomes possible to make better plans and choices for development of water 
resources (Singh, 1997). 
Hydrogeology is an emerging science. It is only recently that it has started 
finding its own niche in the geophysical arena. Untill recent past it was more of an 
appendage of hydraulic engineering and its scope was confined to rather hmited set 
of systems and paradigms, and its tools and techniques were mostly empirical (Singh, 
1982). However, with growing environmental awareness on one hand and digital 
revolution on the other in appreciation for the role of hydrology in addressing critical 
environmental problems began to develop (Hipel et al., 1994) 
During a span of nearly four decades hydrogeology has merged into a legitimate 
branch of geophysical science for the evaluation, analysis and management of 
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groundwater. Nowadays there is increasing emphasis on applying the laws of science 
to solving hydrologic problems and verifying hydrologic theories using field or 
laboratory data. 
Groundwater has now become the main sources of water supply because of 
increasing pollution of surface water. Groundwater in its natural state is invariably 
moving and movement of groundwater is influenced by the sequence, lithology, 
thickness and structure of the rock formation. The formation laws governing the 
movement of groundwater are the continuity equation and the Darcy flux law. When 
these coupled, the resulting equation is the governing equation for groundwater motion 
which is a parabolic partial differential equation (Freeze & Cherry, 1979). Depending 
upon the type of aquifer and assumptions made to simplify the geometric representation 
and the flow therein, the governing equation specializes into the Theis equation, poisson 
equation, Boussinesq equation. Most of the advances made in groundwater hydrology 
are based on these equations. 
WATER IN ENVIRONMENTAL CONTINUUM AND HYDROLOGIC 
SCALES 
Environmental hydrology deals with space time and frequency characteristics 
of the quality of the waters of the earth with respect to their occurrence, distribution, 
storage, movement and development. Water occupies the central position in nature 
and in the environmental continuum which is comprised of air, water and land resources 
(Singh, 1995, Singh and Kumar 1996). It also serves as a link between the components 
of ecological continuum comprising the enviroimiental continuum and the living species 
including plants and humans (Singh and Haqer, 1996). The movement of water fi-om 
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one sphere to another commonly known as hydrologic cycle forms a closed system 
where the volume of water is constant and the movement of water triggerred and 
maintained by the heat energy supplied by the sun, continually occurs. Thus it is 
obvious that water is a critical component of ecological and enviroimiental continua. 
The analyses of hydrogeological data are made at certain scales in space, time, 
and/or statistical domains. Most common hydrologic sclaes are either spatial or 
temporal. The spatial scale may vary from a small charmel segment to a large river 
basin or even to continent. Likewise temporal scales vary from a very small time 
interval to a very large time interval. At small spatial and time scale only some 
hydrologic processes can be analyzed and simulated, because the hydrologic cycle is 
no longer a closed system at this scale. The degree of interaction among different 
components of environmental and ecological continua varies at these scales. In other 
words, the scope of hydrology varies according to this scale. 
GROUNDWATER UTILIZATION 
Groundwater development and utilization have increased immensely worldwide 
for irrigation, domestic and industrial purposes. The utilization of groundwater 
resources is therefore, of fundamental importance for the economic development of 
the area. With limited water resources ever-increasing population and simultaneous 
technological developments, the need for conservation, preservation and efficient 
utilization of available waters are nowadays being realized by all the concerned. Due 
to mismanagement of irrigated agriculture and certain misconceptions among farmers, 
many fertile lands have become water logged. Thus an efficient and scientific 
management of the irrigation water should become an essential part for all the planning 
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and development works connected with water resources, to increase agricultural 
production necessary to meet food and water requirements of the fast growing 
population. 
For a large proportion of the population of a region, water supplies rely moreover 
on drawing groundwater from a large number of wells and tubewells. Since the available 
groundwater resources alone of a region do not suffice to satisfy the rapidly rising 
water requirements, long term hydrological planning envisages the extraction of large 
quantities of surface water. 
India is gifted by nature with a large number of major rivers. There is an extreme 
disparity in distribution of water resources, spatially and temporally in these river 
basins due to unequal precipitation. The total utilizable groundwater potential of the 
country has been estimated as 43.2 m ha m per year. After making provision for 
domestic industrial and other higher priority uses the potential available for irrigation 
is 36 m ha m per year. Taking the country as a whole, about l/3rd of the potential is 
estimated to be utilized at present. The percentage development m the states of Haryana 
and Uttar Pradesh in which study area lies is 82.88% and 37.67% respectively (Singh, 
1997), Evidently there is a Uttle scope for additional development in Haryana. 
Groundwater is the major source of water supplies for domestic, industrial and 
agricultural purposes in the study area. The surface water is contributed by Yamuna 
river, Agra and Gurgaon canals. 
The utilization of water both surface and sub-surface depends upon the 
groundwater resources of the area. With the estibUshment of industries and rapid 
increase in population, there is profound increase in the demand of water supply. The 
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water from Yamuna and Agra and Gurgaon canal is generally used for irrigation and 
industrial purpose. The use of groundwater along with Agra and Gurgaon canals not 
only ensures steady supply to industries and cultivated fields on time but helps to 
reduce water logging and salinization due to consequent movement of surface water. 
HYDROGEOLOGICAL SETTING 
The Yamuna river sub-basin comprises the western part of Ganga basin which 
forms one of the most potential groundwater provinces of India. The alluvial plain of 
Ganga basin, occupies a structural trough or dovm warp of earth crust, the origin of 
which is related to plate tectonic and Himalayan uplift. The Ganga plain is made up 
of a thick pile of quaternary unconsolidated sediments comprising clay, silt, sand and 
kankar in varying proportions, and are known to contain good aquifers. The entire 
basin has been covered by systematic hydrogeological survey (Sharma and Shanna, 
1973, Sinha 1980, Pathak 1982, Bajpai, 1983, Kakar, 1989, Chaturvedi et al. 1992 
andKhanna, 1992). 
The Ganga plain in Uttar Pradesh has been divided into four hydrogeologic 
units, viz, Bhabar, Terai, Central Ganga plain and Marginal Alluvial plain. The heavily 
sediment loaded treams on their emergence from the hills dump their load on a relatively 
flat area of northern fringe in Ganga plain resulting in the formation of alluvial fans at 
the foot hills. The continuation of this process and consequent coalescence formed 
the Bhabar zone. Groundwater in this deposits occurs under unconfined condition 
and water level is generally deep being more than 30 metres below land surface. 
The deposits of Terai zone are distal sediments of the Bhabar fans which were 
washed down and sorted into distinct grain size associations. This zone comprises 
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predominant clayey sediments with interrelated beds of sand and gravel, and is 
characterized by moist, swampy, gently undulating, south pereimial drainages, which 
emanate from the springs and amalgamate down stream to form important rivers. 
The top aquifers in this zone are generally unconfined and the water level is normally 
within 4 m below land surface. There are localized occurrence of flowing condition 
with piezometric head varies between 6.6 and 8.9 m above the ground level. 
The vast alluvial tract lying south of Terai and bounded in south by Yamuna 
forms the hydrogeological unit of the Central Ganga plain and is considered to be the 
most important groundwater resources potential of Uttar Pradesh. This belt is a plain 
of low relief and numerous fluvial depositional and erosional features. Depth to water 
level generally varies fi^om 2 to 12 m below the land surface. Because of rapid change 
in their thickness and texture of granular zones, there is Avide variation in permeability 
and transmissibility of the aquifers. 
Marginal Alluvial plain is characterized by restricted thickness of alluvium over 
the basement. It occupies the area south of Yamuna in western Uttar Pradesh and 
south of Ganga river in eastern Uttar Pradesh and Bihar. The water level generally 
ranges from 2.5 m to 28 m below ground surface. The dischang^^W^ells varies 
between 60 and 240 m/hour for drawdown from 3 to 16m. / ( 
\^ ' %^^ ,.J 
HYDROGEOLOGICAL FRAMEWORK OF THE STUDY AREX ^ 
The study area occupying the parts of Yamuna river sub-basin covers western 
part of Ghaziabad and north-eastern part of Faridabad. The quaternary alluvium 
comprising sands of various grades, clay and silt intercalated with kankar occupies 
the major part of the area and forms the potential groundwater reservoir. Groundwater 
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occurs under semi-confined to unconfined conditions. 
Kaokar, silt and fine sand horizons, found within the uppermost clay sequence 
permit storage and movement of groundwater to a limited extent. This zone forms 
the water table aquifer and support hundreds of dug wells in the area. Alwar quartzite 
lying in the north - western part of Faridabad faces scarcity of groundwater. 
The principal sources of recharge are rainfall, irrigation return flow, Yamuna 
river, Gurgaon and Agra canals and numerous surface water bodies like ponds, lakes 
etc. 
Hydrogeological Investigations 
Groundwater plays vital role in determining transmitting and water bearing 
capacity of geological formations. Hydrologic investigations are of two types; 
theoretical and applied (Singh, 1988, 1989). The former are those investigations that 
involve concepts, processes, postulates, theories and problems, and the later are those 
investigations that involve methods, techniques, modules, computers and GIS. In 
addition, there is another category of investigations that involve data acquisition 
management, storage and retrieval (Singh, 1997). 
In order to study the hydrogeological condition including groundwater 
movement and changes in water level in response to rainfall, evaporation, groundwater 
use and other local factors, systematic well investigations of 55 observation wells 
(Fig. -5.1) were carried out. The pre and post monsoon water levels were measured 
in the observation wells during 1996 and 1997. 
The collected water level data were used in the preparation of depth to water 
level maps, water level fluctuation maps and water table contour maps in order to 
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Fig. 5.1: Location of observation welLs. 
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Fig. 5.2: Tubewells inventoried in the study area. 
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demarcate the potential area for further groundwater development. The lithological 
logs of tubewells drilled by Geological Survey of India (GSI) were utilized for the 
preparation offence diagram and cross sections to study the disposition of various 
aquifer systems and their vertical and lateral extensions in the area. 
Subsurface Geological Configuration and Aquifer Disposition 
To understand the sub-surface configuration of aquifer system and nature of 
sediments, five hydrogeological cross sections along the line AA', BB', CC and EE' 
(Fig. 5.3a to 5.3e) and a fence diagram (Fig. 5.4) have been prepared by utilizing 
lithological logs of the tubewells (Appendix II) drilled by G.S.I. The section lines are 
shown in Fig. 5.2. 
Sub-surface geological section along Hne AA' running from Aitmadpur to 
Nachauli shows the depth boreholes varies from 83 m to 75 m. Down to depth of 80 
m, single aquifer system can be visualized. A thick sand bed is discernible in the entire 
section at different depth. A thick clay capping is present almost in the entire section. 
However between Nachauli (tubewell No. 13) and Bhupani (tubewell No. 14), top 
clay becomes thinner attaining a thickness of about 6 m. 
Section along line BB' encompasses the central part of the study area running 
in W-E direction from Faridpur to Manjhauli. The sediments forming the aquifer are 
medium to coarse gained sand separated by clay beds. There is a thick column of clay 
bed down to depth of 6 m . A thick capping clay is present near Gharara (Section 
CC). It becomes thinner attaining a thickness of about 4 m at Tigaon. Alternate beds 
of sand, sand-kankar, and clay - kankar have been encountered. 
About 20 km long section along line DD' is running in NE-SW direction from 
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Seekri to Jasana. Single aquifer system can be visualized down to depth of 85 m 
below ground level with few clay beds and lenses of variable thickness as seen in the 
north-eastern part of the section at Tigaon, Tajpur and near Jasana. A thick sand bed 
of 65 m has been met with at Seekri close to Agra canal. 
The depth of boreholes of 24 km long section (EE') running in almost North-
South direction varies from 75 m to 95 m below ground level. A thick column of sand 
beds with numerous lenses of clay beds ranging in thickness from few metre to 15 m 
has been encountered. There is a thick clay bed with occasional kankar at the bottom 
of the aquifer. The sediments forming the aquifer are fine to medium sand with 
occasional occurrence of coarse sand and kankar. 
Fence Diagram 
To understand the sub-surface distribution of aquifer system in a three 
dimensional model, a fence diagram has been prepared (Fig. 5.4). On the persual of 
fence diagram, occurrence of top clay bed having variable thickness is seen in the 
area. It is thicker in the eastern part close to Yamuna. On a regional scale, single 
aquifer system down to depth of 100 m can be visualized. The aquifer is made up of 
fine to medium grained sand with occasional coarse sand. Arenaceous sediments are 
dominated in the western part whereas, the eastern part is dominated by clay/ 
agrillaceous sediments. Occurrence of clay beds intermixed with silt and kankar serve 
as an aquitard. 
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Fig. 5.4: Fence diagram showing aquifer disposition. 
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Occurrence of Groundwater 
Occurrence of groundwater in the deposits depends on several factors such as 
size of the catchment, upstream of the cone and quantity of water discharged into 
deposits, shape of the cone structure, thickness, permeability of the deposits and the 
nature of the basement rocks. In the study area, groundwater occurs in alluvium and 
the underlying weathered and jointed quartzites. Unconsolidated alluvial deposits of 
quaternary age comprise the principal groundwater horizons. 
Alluvial deposits are highly porous and permeable because of the presence of 
sand and kankar. Groundwater occurs in the pore spaces of alluvial sediments in the 
zone of saturation. In alluvium, sand and silt-kankar form potential aquifer zones 
which generally occur within 40 metre to 50 metre depth. Groundwater occurs under 
phreatic condition at shallow depth whereas at greater depth it occurs under confined 
condition. The thickness of alluvium comprising silt, sand, gravel and kankar in varying 
proportions increases fi^om about 25 m in the area close to quartzite outcrops in the 
northwest to over 150 m in the south -eastern part of the area. 
Quartzite occupying north western part of Faridabad district is fi-actured, 
weathered and jointed. Weathering has resulted in the formation of semi-consolidated 
sand beds which are potential water bearing zones. Jointed and fi-actured quartzites 
also contain some recoverable groundwater. The aquifer system lies at greater depth 
in the north-western part and shallow depth in the south-eastern and north-eastern 
parts of the study area. 
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Yield Characteristics 
Yield characteristics of an aquifer depends upon the porosity and permeabiUty 
of the rock formation which in turn depend on grain size, shape and distribution of 
pores, compaction of the stratum and time of drainage. Fine grained materials yield 
little water, whereas coarse grained materials permit a substantial release of water 
and hence serve as good aquifers. It is evident from lithologs data of tubewells drilled 
in the area that there exists an unconfined aquifer group comprising mainly sand and 
kankars within 40 to 50 m depth below which the sediments are predominantly clayey 
with thin sand/kankar aquifer zone. 
Because of the presence of highly porous materials in the shallow aquifer zone 
as compared to deep aquifers zone, the shallow aquifer have better yield characteristics. 
There are large number of tubewells in and in the vacinity of Faridabad area, constructed 
for irrigation, drinking and domestic purposes. These tubewells tap water from water 
bearing zone within 70 m to 80 m depth and yield 375 litre per minute to 1500 litre/ 
minute for 5 to 10 m of drawdowns. 
In Ghaziabad, shallow aquifers down to 125 m depth yield 1500 to 2500 litre/ 
minute, whereas deeper aquifers comprising mainly medium to fine with occasional 
coarse grained sand below 150 m yield 2500 to 3500 litre/minute. The average 
transmissivity of shallow and deeper aquifers is 150 mVday and 1700 mVday 
respectively. 
DEPTH TO WATER LEVEL 
One of the most important and common measurements in groundwater 
investigations is the determination of the depth to groundwater. In an unconfined 
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aquifer, the water level in the upper surface of the zone of saturation where the 
pressure is atmospheric. Water level can be defined as the level at which water stands 
in wells penetrating the aquifer, just enough to hold standing water. However, the 
water level standing in dugwells are considered accurate enough to represent water 
level of an area. In existing dugwells in an area water level data are needed to define 
groundwater flow directions, regional variation in water levels over time and effects 
of pumping tests. 
On the bases of water level data collected fi"om fifty five observation wells 
scattered in the study area, during June and November, 1996 (Appendix-Ill) and 
June and November, 1997 (Appendix-I V), depth to water level maps of pre-monsoon 
and post-monsoon periods (Fig. 5.5, 5.6, 5.7, 5,8) have been prepared. 
Depth to Water Level (Pre-monsoon, 1996,1997) 
A persual of the depth to water level maps of pre-monsoon, 1996 (Fig. 5.5 
,Appendix-Ill) reveals that the depth to water level in the area ranges between 3.25 
m and 21.08 m below the ground level. Shallow depths to water level have been 
recorded in the eastern part of Yamuna river in Ghaziabad and at Agwanpur, Dadsia, 
Salarpu5Badhkal and Dabwa in Faridabad. Deep water levels occurred in pockets at 
Tigaon, Bhoapur, Bhatola, Gharara and in adjoining areas of Faridabad town. 
In general, depth to water level increases towards northern part of the area. In 
the vicinity of canal and distributaries, water level depth is generally shallow which 
may be as a result of seepage fi'om unlined canal. 
During June, 1997 (Pre-monsoon), the water level varied between 3.30 m and 
21.50 m below ground level. The maximum depth to water level was observed at 
S2 
Fig. 5.5: Pre-monsoon depth to water map, 
June, 1996. 
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Table - 5.1: Number of wells in different ranges of water level depth 
(June, 1996,1997) 
Year No. of 
wells 
Depth to water range (m.b.g.l.) 
Dry 0-4 4-8 8-12 12-1 16-20 20-24 
1996 55 1 11 16 16 
(5.45%) (1.81%) (20.0%) (29.09%) (29.09%) (10.9%) (3.63%) 
1997 55 3 1 11 15 17 6 2 
(5.45%) (1.81%) (20.0%) (27.27%) (30.9%) (10.9%) (3.63%) 
Average % 5.45 1.81 20.0 28.18 29.99 10.9 3.63 
Table - 5.2: Number of wells in different ranges of water level depth 
(Nov., 1996,1997) 
Year No. of 
wells Dry 0-4 
Depth to water range (m.b.g.L) 
4-8 8-12 12-16 16-20 20-24 
1996 55 
1997 55 
nil 15 15 18 1 
(5.45%) (27.27%) (27.27%) (32.72%) (5.45%) (1.81%) 
nil 3 14 18 15 4 1 
(5.45%) (25.45%) (32.72%) (27.27%) (7.27%) (1.81%) 
Average % 5.45 26.36 29.99 29.99 6.36 1.81 
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Fig. 5.6: Post-monsoon depth to water map, 
Nov., 1996. 
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Bhatola and minimum at Bakhtawarpur. The deep water level occurring in patches 
may be attributed to excessive withdrawal for industrial, domestic and agricultural 
needs. 
It is observed from table 5.1 that during pre-monsoon period, 58.18% of wells 
shows depth to water level ranging between 8 m and 16 m below ground level, 20% 
of wells shows the water level depth between 4 and 8 m.b.g.l and only 1.81% wells 
are reported to have water level depth below 4 m.b.g.l in the year 1996. Some what 
similar trends of water level depth have been observed in 1997 during pre-monsoon 
period. 
Depth to Water Level (Post-Monsoon, 1996,1997) 
Depth to water level during post-monsoon period varied from 2.45 to 20.05 m 
below ground level in 1996 and from 2.05 to 20.06 m.b.g.l. in 1997 (>^pendix-IV ). 
Figures 5.6 and 5.8 show the depth to water level of post-monsoon period during 
1996 and 1997 respectively. The shallowest water level depth (2.05 m.b.g.l.) during 
November, 1996 and 1997 were recorded at Bakhtawarpur and the deepest (20.06 
m.b.g.l.) at Bhatola. The areas where water level depth exceeded 16 m.b.g.l. during 
post-monsoon period are Gharara, Atalli, Bhatola, Faridpur and Bhoapur. 
While comparing the water level depth of pre-monsoon and post-mansoon period 
(Table 5.1 & 5.2), it is seen that the average percentage of wells having water level 
depth below 4 m.b.g.l. has increased from 1.81 to 5.45%, There is an average 
increase of 6.36% in the number of wells having water level depth in the range of 4 to 
8 m.b.g.l. during post-monsoon period. Decreasing trends have been observed in the 
average percentage of wells having depth to water level more than 16 m.b.g.l. 
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Fig. 5.7: pre-monsoon depth to water map, 
June, 1997. 
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Fig. 5.8: Post-monsoon depth to water map, 
Nov., 1997. 
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WATER LEVEL FLUCTUATION 
Water level in an area fluctuates in response to recharge and discharge from the 
aquifer system. Recharge takes place mainly due to precipitation as well as due to 
irrigation return flow. Excessive withdrawal of water from aquifer for domestic, 
industrial and irrigational needs and evapotranspiration is responsible for water level 
fluctuation. Fluctuations in water levels mdicate both changes in the actual quantity 
of water stored in aquifers and movement of groundwater. The amount of water 
taken from or added to storage per unit change in water levels in unconfined aquifers 
is many times larger than in confined aquifer. 
Based on water level depth data collected during pre and post-monsoon period 
for two years ( 1996 and 1997), water level maps indicating different fluctuation 
zones (Fig. 5.9 & 5.10) have been prepared in order to depict the areas showing 
similar magnitude of water level fluctuation. It is observed that the quantum of seasonal 
fluctuation in the water level varies from place to place. In the present study seasonal 
fluctuation in water level varies from 0.35 to 2.45 m in 1996 and from 0.27 to 2.44 m 
in 1997. 
Table 5.3 : Number of wells in different ranges of water level 
fluctuation (1996,1997) 
Year No. of wells Fluctuation range (m) 
0-0.5 0.5-1.0 1.0-1.50 1.50-2.0 > 2.0 
1996 52 8 15 15 8 6 
(15.38%) (28.85%) (28.85%) (15.38%) (11.53%) 
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Fig. 5.9: Water level fluctuation map (1996). 
100 
S C A ,L E 
1 2 3 bi 
Fig. 5.10: Water level fluctuation map (1997). 
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1997 52 6 16 15 10 " 5 
(11.53%) (30.76%) (28.85%) (19.23%) (9.62%) 
Number of wells falling in different ranges of water level fluctuation and their 
percentage have been summarised in Table 5.3. It is evident from the table that in 
major parts of the area the water level fluctuation ranged between 0.5 m and 1.0 m 
and from 1.0 to 1.5 m. Only 11.53% of the wells are found to have water level 
fluctuation more than 2.0 m in 1996 followed by 9.62% in 1997. The variation in 
fluctuation in areas close to canal and river is probably due to the constant recharge 
of the aquifer through seepage resulting in the rise of water level. 
MOVEMENT OF GROUNDWATER 
Groundwater is in constant motion from a point of recharge to a point of 
discharge in accordance with the laws governing flow of fluids in porous media. 
Water within the ground moves downward through the unsaturated zone under the 
action of gravity, whereas in the saturated zone it moves in a direction determined by 
the surrounding hydraulic situation. In general groundwater moves in the direction of 
slope of water table and the slope of water table in turn depends on permeability and 
thickness of water bearing zone, topography, lithology and local variations in the 
quantity of recharge and discharge. 
Water Table Contour Maps 
The water table contour maps provide visual information on the slope of water 
table and the horizontal movement of groundwater in the direction of maximum 
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Fig. 5.11: Pre-monsoon water table contour map, June, 1996. 
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Fig. 5.12: Post-monsoon water table contour map, Nov., 1996. 
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gradient. The water table contour maps help to delineate areas of recharge and 
discharge, estirnate arial variation in the thickness and hydrauUc conditions of aquifer, 
locate {^ d interpret the nature of hydraulic boundaries and to quantify groundwater 
flow. The divergence of flow lines in water table contour maps indicates a recharge 
area whereas convergence of flow lines depicts a discharge area. 
The altitudes after level with reference to the mean sea level (m.s.l.) were 
determined from the water level data of observation wells collected during pre-
monsoon and post-monsoon periods for two years (1996 and 1997). To understand 
the groundwater regime and direction of groundwater flow in the shallow aquifer 
system, as well as to understand the inter-relationship between canal system and 
groundwater regime, water table contour maps with contour interval of two metres 
have been prepared (Fig. 5.11, 5.12, 5.13 and 5.14). 
Form and Slope of Water Table 
A persual of pre-monsoon water table contour maps (Fig. 5.11 and 5.13) and 
Appendix III & FV shows that the elevation of water table varies from 175.85 m in 
the north-eastern part of Faridabad to 200.98 m above mean sea level in the north-
western part close to Badhkal lake. Further it is observed that the groundwater flow, 
in general is towards east and southeast with variations being controlled by drainage 
pattern and canal net work. 
Agra and Gurgaon canals are influent in character and contribute a considerable 
amount of water to shallow groundwater body. Due to excessive groundwater 
abstraction, the groundwater troughs are seen to have developed in the northern 
industrial area, in the central part near the city area, in the south-eastern part around 
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Bahadurpur and Tigaon and around Hajipur, about 7 km east of the Yamuna river in 
Ghaziabad. 
''The Yamuna river recharges aquifers at most of the places and behaves as an 
influent stream as is evident from the troughs which are formed around Bahadurpur, 
Tilpat and Hajipur along the Yamuna river. These troughs are the result of over 
development or heavy withdrawal of groundwater by the dinners for irrigation purpose 
through the large number of shallow tubewells. 
Groundwater mounds appear to have developed around Dabwa in the east of 
Badhkal lake and the west of Gurgaon canal and around Jasana close to Yamuna 
river, and Chhansa distri butary. The formation of these mounds is due to large scale 
seepage from unlined Gurgaon canal and Chhansa distributary. 
In general, the hydraulic gradients are steeper in the areas close to quartzite 
outcrops in the west and northwest. In the city area, the hydraulic gradients are as 
high as 4.5 m/km. In the major parts of the area, the values of gradient generally 
range from 0.65 to 1.85 m/km. Steeper gradient of the order of 3.4 m/km is also seen 
in the industrial area. In the southern rural areas as well as in the east and west banks 
of Yamuna, the hydraulic gradient is gentle and is indicative of presence of highly 
permeable aquifers in these area. The steep hydrauhc gradient is an indicative of low 
permeable horizons. 
The water table contour maps (Fig. 5.12 & 5.14) of post-monsoon periods 
(Nov., 1996 and 1997) were prepared in order to study the changes in groundwater 
regime as a result of recharge through precipitation. It has been observed that there is 
no significant changes in the water table contour values because of low fluctuation in 
the water table. 
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Fig. 5.13: Pre-monsoon water table contour map, June, 1997. 
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GROUNDWATER CHEMISTRY 
CHAPTER - 6 
GROUNDWATER CHEMISTRY 
Water is one of our basic natural resources and is the only substance on the 
earth that appears in three distinct forms of matter within the normal range of the 
climatic condition. In recent years, the groundwater has become the main source of 
water supply due to ever increasing pollution of surface water. Water is a solvent for 
many salts and some types of organic matter. Water is effective on dissolving salts 
because it has a very high dielectric constant and because its molecules tend to 
combine with ions to form hydrated ions (Freeze et al. 1979). As a result of chemi-
cal and biochemical interactions between groundwater and geological materials 
through which it flows, and to lesser extent because of contributions from the at-
mosphere and surface water bodies, groundwater contains a wide variety of dis-
solved organic chemical constituents in various concentrations. 
During recent years much of emphasis in groundwater investigation in indus-
trialized countries has shifted from problems of groundwater supply to considera-
tions of groundwater quality. The quality of groundwater is an important factor that 
determines its suitability for various purposes. A water quality criterion may be 
defined as that concentration, quality, or intensive measures that, if achieved or main-
tained, will allow or make possible a specific water use (McCutcheon et al. ,1992)' 
Presence of some ions and trace metals beyond permissible limit, may make water 
unfit for irrigation, industrial and drinking purposes. Therefore, it is necessary to 
monitor the groundwater quality in order to ascertain its suitability for certain uses. 
109 
Monitoring methods not only include the sampling and analysis of groundwater 
quality, but also determination of groundwater levels and flow directions, evalutions 
of wastes and other materials contributing to groundwater pollution, movement of 
pollutants in saturated and unsaturated zones etc. 
The successively increasing amount of chemicals in rivers and other water 
bodies, resulting from the enhanced discharge of industrial and municipal waste 
water has become the major problem affecting water quality. As a result of pollu-
tion, there is an increasing need to treat water before it is suitable for uses as diverse 
as drinking, irrigation, fish farming and recreation, and to treat wastewater before its 
discharge back into the water cycle. Drinking water supply represents the most im-
portant single interaction between water and human health. Drinking water provides 
the focus of much health based concern because of the potential of drinking water 
supplies to propagate outbreaks of disceases. Suitability of water for various pur-
poses is based on chemical and biological character of the water. The chemical 
quality of groundwater is the resultant of all processes and reactions, that have acted 
on the water from the moment it condensed in the atmosphere to the time it is dis-
charged by a well or spring. Therefore, the quality of groundwater varies from place 
to place, with the changes in the depth of water table and from season to season. 
MATERIALS AND METHODS 
Collection of Samples and Sampling Techniques 
The objective of sampling is to collect a portion of material small enough in 
volume to be transported conveniently and handled in the Loboratory while still 
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accurately representing the material being sampled. Sampling is one of the most 
important step in collection of representative water sample for the water quality 
studies of surface and sub-surface water bodies. In order to study the chemical char-
acter of water, 65 groundwater samples were collected during May, 1996 (Fig. 6.1). 
The samples were collected in clean, sterilized and double stoppered plastic botties. 
The samples were collected fromdifiBerentgroimdwater bodies like open wells, shal-
low hand pumps and deep tubewells and were preserved for the trace elements 
studies as per the procedures (APHA, 1992,Handa, 1984). 
Analytical Procedure 
The water samples were analyzed as per the standard methods (APHA 1992 
,Trivedi and Goel, 1984) in the Department of Geology, Aligarh Muslim University, 
Aligarh. Volumetric methods were adopted for the determination of major cations 
and anions except sodium and potassium. Sodium and potassium were analyzed 
using flame photometer. Hydrogen ion concertration and electrical conductivity were 
immediately analyzed after collection of samples with water analysis Kit. Atomic 
Absorption Spectrophotometer was used for the analysis of trace elements like Cr, 
Mn, Fe, and Ni while, Zn, Cd, Cu and Pb were analyzed on Portable Digital 
Voltammeter (PDV- 2000). PDV- 2000 is an analytical instrument capable of low 
level analysis of many metals in the loboratory or field. The technique of anodic 
stripping in voltammetry is infact, a form of electroplating on small scale. Metals 
are first plated onto an electrode from a liquid and then, during the subsequent 
stripping stage, the deposited metals are re-oxidized or stripped back into solution. 
The small amount of current generated as each metal oxidizes is measured and 
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Fig. 6.1: Sampling Locations in the study area. 
112 
correlated with the concentration of metal in the original solution. The analyzed 
hydrochemical data of the water samples are given in appendices (V-A, V-B & VI). 
Hydrogen Ion Concentration (pH) 
Hydrogen ion concentration in water is the logarithmic reciprocal of their 
weight, measured in grams per litre of water. In other words pH value of water is a 
measure of acidity and alkalinity of water and is very important indicator of its 
quality. It influences the growth of plant and soil organism, therefore, it affects to a 
greate extent the suitability of water for irrigation. The pH value of water is control-
led by the amount of bicarbonates, carbonates and dissolved carbondioxide. The 
highest desirable limit for public water supply is 7 to 8.5 while maximum permissi-
ble limit is 6.5 to 9.2 (WHO, 1984). Low pH gives rise to off taste and promotes 
corrosion. In general, the groundwater in the area is alkaline in nature. The value 
ranged from 5.49 to 8.76 with an average of 7.15. The value of pH are within the 
permissible limits except at few places. 
Electrical Conductivity (E.C.) 
Electrical conductivity is the ability of a substance to conduct an electric cur-
rent. Electrical conductivity of water is directly related to the concentration of ion-
ized substance in water. It gives an idea about extent of mineralization and is indica-
tive of the salinity of water. The electrical conductivity with 400 |iS/cm at 25° C 
is considered suitable for human consumption. The groundwater in the study area is 
characterized by high extent of mineralization. The value ranged between 508 and 
6700 nS/cm averaging 1993.8 ^S/cm. 
113 
S <^2000 *S/cm 
j20O0-4OO0«S/cm 
I><.000 US/cm 
, \'-''-' 
Fig. 6.2: Electrical conductivity distribution 
map of the area. 
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It has been observed that in major part of the area, electrical conductivity was 
less than 2500 nS/cm (Fig. 6.2). The highest value (6700 \iS/cm) was recorded at 
Jawahar Colony, while the lowest value (500 (xS/cm) was observed in the sample 
collected from the open well atNaurangabad. Higher values of E.G. in groundwater 
are probably due to the effect of large number of septic tanks in the residential area 
of Faridabad. Septic tank desnity of a colony largely decides the increase of 
groundwater salinity (Subba Rao et al, 1995). 
DISTRIBUTION OF MAJOR IONS IN GROUNDWATER 
Chloride (CI) 
Discharge of industrial effluents in surface water bodies, presence of sodium 
and calcium chloride in natural water and higher salinity are responsible for higher 
concentration of chloride in the area. Chloride ions are the major contribution to the 
salinity of water. A persual of Fig. (6.3) indicates that more the chloride ions more 
will be the salinity of water. 
W.H.O. (1984) has suggested 200 mg/L of chloride as desirable limit and 600 
mg/L as maximum permissible limit in drinking water, whereas the Indian Council 
of Medical Research (I.C.M.R., 1975) recommends 200 mg/L as desirable limit and 
1000 mg/L as maximum permissible limit. In the study area concentration of chlo-
ride ranged from 25.56 to 1261.64 mg/L. Chloride distribution map (Fig. 6.4) and 
frequency distribution graph (Fig. 6.5) show that in major part of area the chloride 
content is below 250 mg/L. Higher contents of chloride were observed at Tigaon, 
Industrial area and residential colonies of Faridabad. A high concentration of 
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Fig. 6.4: Chloride distribution map of the area. 
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chloride gives salty taste to water and large amount effects corrosively on metal 
pipes and be harmful to plant Ufe. People who are not accustomed to high chlorides 
in water are subjected to laxative effect as suggested by Raviprakashan and Krishna 
Rao (1989). 
Calcium (Ca) 
Calcium is one of the important cations present in groundwater. The main 
sources of calcium in groundwater are rainwater, leaching from fertiUzers, soil amend-
ment, weathering of calcium silicate minerals and use of surface water for irriga-
tion. The dissolved CO^ generally controls the calcium ion. The maximum desirable 
limit of calcium in drinking water is 75 mg/L (W.H.O, 1984, ISI, 1983). Calcium 
content in groimdwater of the area ranged from 6.01 to 130.26 mg/L. In 38.5% of 
the samples calciimi contents were below 30 mg/L (Fig- 6.6). The places where 
relatively higher concentrations in groundwater were observed are Raipur, indus-
trial areas and Jawahar colony. Calcium has tendency to get precipitated in the form 
of concrections known as Kankar. During its contact with clays, part of calcium 
may also undergo ion -exchange reaction, that may be the reason for the depletion of 
calcium in groundwater. 
Calcium is an essential constituents for human body which requires 0.7 to 2.0 
gm/day. However, large doses are required by pregnant and lactating women and 
growing children. In human body it is essential for mascular and nervous system, 
cardiac functions and in coagulation of blood. Low levels of calcium may have 
adverse effects on human health. Higher content is also harmful resulting in the 
formation of kidney and bladder stones and irritation in urinary passages. 
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Fig. 6.7: Calcium distribution map of the area. 
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Magnesium (Mg) 
Magnesium is one of the most important contributor to the hardness of water. 
The concentrations of magnesium in groundwater were less than calcium possibly 
due to lesser occurrence of magnesium mineral. The chief sources of magnesium in 
groundwater are rainwater, weathering of magnesium silicate minerals present in 
the soils and use of surface water for irrigation. Magnesium content of groundwater 
ranged from 4.87 to 132.76 mg/L with an average of 36.99 mg/L. The permissible 
limit of magnesium for drinking purpose varies from 30 to 150 mg/L (WHO, 1984). 
Indian Council of Medical Research (I.C.M.R.1975) has prescribed 50 mg/L as 
maximum desirable limit and lOOmg/L as maximum permissible limit. The magne-
sium contents in groundwater satisfy the W.H.O. stand^ard for drinking water sup-
ply. Relatively higher concentrations of magnesium have been observed at Jawahar 
colony, Chandawali and Ballabgarh. In larger part of the area Mg contents were 
below 60 mg/L (Fig -6.8 & 6.9) 
Magnesium is an essential nutrient for human body with an average adult 
requirement of 200 to 300 mg per day. Magnesium defficiency is associated with 
structural functional changes and may cause severe diarrhoea, chronic renal failure 
and protein-caloric malnutrition (W.H.0,1973). 
Sodiiim(Na) 
Sodium is present in nearly all natural water and its concentration in 
groundwater depends on hydrogeolocial conditions, industrial activities and weath-
ering of rock minerals present in soil. The most important water quality aspect of 
sodium is the possibility of changing the permeability of soil. The guideline value of 
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Fig. 6.8: Magnesium distribution map of the area. 
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sodium is given as 200 mg/L which is based on taste consideration (W.H.0.1984). 
Sodium contents in groundwater varied from 6 to 732 mg/L averaging 179.49 mg/L. 
More than 50% of the samples showed the sodium concentration less than 150 mg/ 
L and in about 25% of the groundwater samples, its content exceeded 200 mg/L 
(Fig. 6.9 ). Higher values have been recorded at Jawahar Colony (716 mg/L), Ce-
ment Research Institute (732 mg/L), Ballabgarh (540 mg/L), Dayalpur (484 mg/L), 
Tigaon (540 mg/L) and Atalli (430 mg/L). Low values were observed at Asgharpur, 
Naurangabad, Raipur and Raini Kuan in the eastern part of the Yamuna river. 
Though sodium is an essential element for human body, its higher content in 
drinking water may be harmful to a person suffering from cardio and renal diseases 
pertaining to circulatory system. 
Potassium (K) 
Potassiimi is less common cation as compared to sodium in groundwater which 
may be as a result of reactions with clay minerals. The main sources of potassium in 
groundwater of the area are use of potash fertilizers, weathering of potash silicate 
minerals and rain water. Potassium in the form of fertilizers is excessively used in 
the study area in order to enhance the yield of crops. On addition of potassium 
fertilizers to the soil, the concentration of potassium in soil increases as a result of 
which the equilibrium conditions between the various phases are affected. Several 
factors such as nature of clays, pH, organic matter, moisture content of the soil also 
control the amount of potassium in the soil. Potassium concentrations in groundwater 
were generally low except at isolated patches where due to intensive fertilization, 
leaching of potassium salts would have taken place. Analytical results show that the 
125 
concentration of potassium varied from 9 to 558 mg/L. The higher values 478 mg/L 
and 558 mg/L were recorded at Korali and Tigaon respectively. 
Abnormally high contents of potassium in groundwater were generally re-
stricted to phreatic aquifer waters suggesting human and animal activities particu-
larly agricultural activities of man causing accretion of potassium in groundwater. 
Potassium stimulate plantation growth and is more toxic to fish and shell than cal-
cium, magnesium and sodium (Brown et al. 1970). Extraction of potassium in 
groundwater is neither affected by acid- base reaction nor by oxidation- reduction 
process (Lloyd et al. 1985). 
Total Hardness 
Hardness of water is defined as its content of metallic ions which react with 
sodium soaps to produce solid soaps or scummy residue and which react with nega-
tive ions, when the water is evaporated in boilers, to produce solid boiler scale (Camp, 
1963). Total hardness is caused by carbonates of calcium and magnesium, and chlo-
ride and sulphate of calcium and magnesium. In groundwater, hardness is primarily 
due to the presence of bicarbonates, sulphates, chlorides and nitrates of calcium and 
magnesium (Taylor, 1949). According to Swenson and Baldwin (1965) the hardness 
of water may be rated according to the combined compounds of calcium and mag-
nesium (mg/L as CaCOj). Public acceptability of the degree of hardness of water 
may vary considerably from one community to other, depending upon local condi-
tions. On the basis of hardness, water is classified as follows: 
1. Less than 50 ppm : soft 
2. 50 to 100 ppm : moderately soft 
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Fig. 6.10: Total hardness distribution map 
of the area. 
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3. 100 to 150 ppm 
4. 150 to 250 ppm 
5. 250 to 350 ppm 
6. More than 350 ppm 
slightly hard 
moderately hard 
hard 
excessively hard 
The hardness of groundwater in the area varied from 95 to 760 mg/L with an 
average of 257.77 mg/L. In general, groundwater of the area is hard. Groundwater 
of Jawahar colony, Ballabgarh, Chandawali, Tigaon and Faridpur area is excessively 
hard (Fig- 6.10). Maximum value (760 mg/L) was recorded at Jawahar colony. Sixty 
per cent of the water samples shows the range of hardness between 150 and 350 mg/ 
L (Appendix-VII, Fig.6.11). The maximum permissible limit of hardness for drink-
ing water supply is 500 mg/L (W.H.0,1984). Groundwater of the area is within the 
permissible limit except at few places. 
Hard water is generally believed to have no harmful effect on human being. 
Cardiovascular diseases are reported to be confined to the areas of soft water than to 
those having hard water (Crawford, 1972). 
Sulphate (SO^) 
Sulphate is predominant anion present in wide range of concentration in natu-
ral water. The chief sources of sulphate in groundwater are; sulphate minerals in 
sedimentary rocks, oxidation of sulphides from igneous rocks and volcanic emana-
tions, addition of soil amendments such as gypsum, pyrites, fertilizers, and rain 
water. Analytical results (Appendix V-A) show that the concentration of sulphate in 
groundwater ranged from 32 to 518 mg/L. Both I.C.M.R (1975) and W.H.O. (1984) 
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have prescribed highest desirable limit of 200 mg/L and maximum permissible limit 
of 400 mg/L for sulphate in drinking water. Sulphate contents in groundwater were 
within the permissible limit except at Ballabgarh and Cement Research Insitute where 
the concentration of the sulphate was 486 mg/ L and 518 mg/L respectively. 
Sulphate at higher concentration can have laxative effect (W.H.0,1984). Sul-
phate ions when associated with high concentrations of magnesium and sodium ions 
act as laxative and may cause gasteric disorders. Sulphate values in drinking water 
exeeding 500 mg/L impart bitter taste and may cause gastrointestinal irritation and 
catharsis (Kakar, 1989). 
Bicarbonate (HCO3) 
Bicarbonate is the major anion found in groundwater of the area under inves-
tigation. Main sources of bicarbonate in groundwater include carbondioxide in at-
mosphere, carbondioxide in the soil, leaching from carbonaceous rocks and 
carbondioxide released due to bacterial oxidation of organic matter. 
COj-i-^O = H^-i-HCOj 
CaCOj + COj +iip = Ca** -H 2HCO3 
Bicarbonate in groundwater ranged from 81 to 495 mg/L with an average 
value of 219.3 mg/L. Distribution map of Bicarbonate (Fig- 6.12) shows that in 
about 50% of the area, bicarbonate concentration in groundwater ranged from 200 
to 400 mg/L. Bicarbonate values greater than 400 mg/L were recorded at Dayalpur 
and Tigaon. 
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Fig. 6.12: Bicarbonate distribution map of the area. 
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Carbonate (CO3) 
Carbonate concentrations in groundwater of the area ranged from 8 to 165 
mg/ L averaging 32.9 mg/ L. Its content at several places are found below the detec-
tion limit. Highest concentration (165 mg/ L) were recorded at Ballabgarh. 
Total Dissolved Solids (T.D.S) 
Total dissolved solids give an indication about total concentration of constitu-
ents present in water. It indicates the general quality of groundwater. High TDS in 
water is mainly due to the presence of chlorides, sulphates, bicarbonates, calcium, 
magnesium and sodium. The TDS concentration in groundwater vary over many 
orders of magnitude. A simple but widely used scheme for categorizing groundwater 
based on TDS presented by Davis et al, 1966, has been given as follows: 
TVpes of water Concentration of TDS (mg/L> 
Fresh water 0-1000 
Brakish water 1000-10,000 
Salty water 10,000-100,000 
Brine more tiian 100,000 
Water containing more than 2000-3000 mg/L TDS is generally too salty to 
drink (Allan et al. 1979). The palatability of water witii a TDS level less than 600 
mg/L is generally considered to be good whereas TDS level greater than 1200 mg/L 
drinking water becomes unpalatable (W.H.0,1984). The permissible limit of TDS 
in drinking water prescribed by ICMR, 1975 is between 500 to 1500 mg/L. 
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The TDS values in groundwater of the area ranged between 320.5 and 4294.7 
mg/L with an average of 1277.4 mg/L. Concentration of TDS at several places 
exceeded maximum permissible limit prescribed by ICMR, 1975. On persual of 
Davis classification, groundwater falls in fresh to brakish category. Higher values of 
TDS were observed at Jawahar Colony, Cement Research Institute and Ballabgarh. 
Water containing high values of TDS has salty taste and produce scale on cooking 
utensils. 
Fluoride (F) 
The natural environmental pollution due to fluoride in groundwate is a matter 
of great concern as it poses serious consequences on human health. The common 
natural sources of fluoride are calcium fluoride, amphiboles and volcanic and 
fumarolic gases. In the study area, main sources of fluoride are fluoride salts used in 
industries manufacturing steel, aluminium bricks etc. Phosphate fertilizers often 
contain fluoride as an impurity and are extensively used in the area. These may 
cause increase in fluoride content of soils which on leaching result in enrichment of 
fluoride levels of groundwater. Fluoride ions indicate positive correlation with bi-
carbonate and negative correlation with calcium ions as evident from figure 6.13 
and the following relationships 
CaCOj + H * = Ca *- + HCO,- (i) 
Applying the law of chemical equilibrium, the equilibrium constant (Kj) is 
expressed as; 
[Ca*2] [HCO3-] 
K, = (ii) 
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Similarly, from dissociation reaction of CaF^ dissolved in water, the equilibrium 
constant (K )^ is expressed by the relationship; 
Kj , [Ca*^ ] [F-2] (iii) 
From equation (ii) & (iii), 
Kj [HC03-] 
= (iv) 
[W] [F-2] 
It is apparent from equation (iv) that if hydrogen ion or pH activity is con-
stant, an increase in fluoride ions would be accompanied by corresponding increase 
in bicarbonate ions resulting in positive correlation. From equation (iii) increase in 
fluoride ions would be accompanied by decrease in calcium ions resulting in nega-
tive correlation. 
The analytical results show high fluoride concentration at several places (ap-
pendix V-A). The values ranged from 0.01 to 1.97 mg/L averaging 0.93 mg/L. Pota-
ble water should have 0.6 to 1.5 mg/L of fluoride for substantial protection against 
dental caries and tooth decay (ICMR, 1975 ). Indian Standard Institution (ISI, 
1983) has proposed fluoride level of 0.6 to 1.2 mg/L in drinking water supplies 
which can be extended to 1.5 mg/L if no alternative sources are available. Fluoride 
concentrations in 13 out of 65 samles are more than permissible limit of 1.5 mg/L. 
Higher values of fluoride in groundwater were recorded at Padamnagar, Korali, 
Tlgaon, Dayalpur, and at some places in Faridabad town (Fig- 6.14). 
High fluoride level in drinking water gives rise to mottied enamel of the teeth, 
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skeletal fluorosis and some time severe osteosulerosis whereas deficiency of fluo-
ride causes over acidification of teeth and bones and dental caries (Lokesh et al. 
1996). According to W.H.O. (1984) guidelines for drinking water, fluoride concen-
tration in the range of 1.5 to 3.0 mg/L causes mottling and pitting of teeth and 
between 3.0-6.0 mg/L may results in skeletal fluorosis. Fluoride reduces solubility 
of enamel in acid and also acts an inhibitor of bacterial enzymes producing the acid 
which attacks the enamel. However, with increase of fluoride concentration in wa-
ter, there is mottling of teeth, osteosulerosis, thyroid changes and kidney damage 
(Mckee and Wolf, 1963 ). Fluoride with lower concentration at an average of 1.0 
mg/L is regarded as an essential constituents of drinking water mainly because of its 
role in prevention of dental caries (McClure, 1970). 
Nitrate (NO3) 
The most common contaminant identified in groundwater is dissolved nitro-
gen in the form of nitrate (Allan , 1979). Nitrate contamination, often associated 
with agricultural activities, is a major problem in some shallow aquifers and is 
increasingly becoming a threat to groundwater supplies (Gillham and Cherry, 1978, 
Spalding and Exner, 1991 , Wassenaar 1995 ). The main sources of nitrate in 
groundwater of the area are industrial wastes, sewage and animal wastes and agri-
cultural activities. Septic tanks which are not siurounded by impervious strata can 
also cause enrichment of nitrate levels in groundwater. Among the agricultural 
sources, the common soiu^ces are fertilizers and irrigation with waste water. Nitrate 
itself is relatively nontoxic but when ingested with food or water, it may be reduced 
to nitrite by bacteria in the mouth and gut (Chandu, et al. 1995). 
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The concentrations of nitrate varied from 1.8 to 86.8 mg/L. High concentra-
tions were observed in patches due to localized pollution effects. At most places, 
nitrate contents were within the pennissible limit ( 45 mg/L) of W.H.O. (1984). 
Localized patches of nitrate pollution have been observed at Atalli, industrial area, 
Tigaon and Faridpur. 
Nitrate content in drinking water is considered important for its adverse health 
effect. Higher contents of nitrate in drinking water may cause methemoglobinemia 
in infants. Nitrate can be reduced to and absorbed into the blood oxidizing the iron 
of hemoglobin. This interferes with oxygen transfer and causes cyanosis (Kataria et 
at 1995 ). Non convincing evidence of a relationship between gastric cancer and 
consumption of drinking water containing nitrate levels upto 10 mg/L as N has 
emerged (Forman, 1985). It was reported that exposure to dimethylnitrosoamines 
had produced acute lever damage in men working in industrial Laboratories (Sidney, 
1977). 
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DISTRIBUTION OF TRACE ELEMENTS AND ITS EFFECT 
ON WATER QUALITY 
Heavy metals having density more than five times higher than water are usu-
ally found in trace amount in natural water therefore, they are referred as trace 
elements. Natural levels of trace elements are inherited primarily from the rocks by 
weathering processes. The natural levels of these elements are usually harmless to 
the organisms but the pollution due to mining activities, industrial effluents, agricul-
tural chemicals and fossil fuels have considerably increased their global levels. 
Anthropogenic resources of several metals like cadmiimi, zinc, lead and mercury 
have been reported to exceed the natural fluxes which have resulted in continuous 
buildup of these metals in different components of the environment (Goel, 1997). 
Most of the metals are essential for the growth of the organisms at lower con-
centration, but they are essentially harmful when their concentration exceeds be-
yond certain levels. Elevated levels of trace elements in the waters can be attributed 
to both natural and anthropogenic sources. The increase in concentration of metals 
in a localized area reaches sometimes to a significantly higher levels and become 
deterious to biological populations and human beings. Metal ions and their com-
plexes exhibit a wide range of toxicity to the organisms that ranges from sublethal to 
lethal depending upon the time of exposure and the prevailing conditions in the 
ambient water. 
Heavy metal dispersion through the drainage basin is generally a function of 
the hydraulic conditions that control different process: (1) distribution, according to 
the particular size and density (2) mixture process, where non-polluted sediments 
are added to fluvial system and (3) storage and disposition in the plains, fluvial 
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substratum, lakes, reservoirs and estuaries (Foster and Charlesworth, 1996). 
Groundwater samples collected from shallow and deep aquifers were analyzed 
for trace elements like Zn, Cd, Pb, Cu, Fe, Mn, Cr, and Ni (Appendix VI). Disper-
sion of these elements in groundwater of the area, their sources and various health 
hazards are discussed below individually. 
Zinc (Zn) 
Zinc is an essential elements for plants, animals and man due to its important 
role in the functioning of various enzymes, protein synthesis and carbohydrate 
metabolism (Taylor and Demaye,1980). It plays vital role in the process of cell 
division and growth and is present in highest concentration in the liver. The total 
zinc content of an adult varies from 1.4 to 3.0 gram (Underwood, 1971). 
Zinc in groundwater of the area may be contributed by industrial effluents 
particularly electroplating wastes containing high levels of zinc. In the rural agricul-
tural areas the main sources of zinc pollution are the impurities from fertilizer, 
fungicides and sewage sludge. Sewage sludge containing high levels of zinc is most 
extensively used by farmers which may be an important source of zinc in groundwater 
of the area. 
Zinc concentrations in groundwater ranged from 0.002 mg/L to 6.128 mg/L. 
Overall distribution of zinc in groundwater given in appendix VI indicates that 86% 
of the water Samples have zinc concentration below 1.0 mg/L. The highest concen-
tration of zinc (6.128 mg/L) was recorded at Tigaon. ISI (1983) and WHO (1984) 
have prescribed zinc concentration of 5.0 mg/L as the highest desirable limit and 
15.0 mg/L as the maximum permissible limit in drinking water. Zinc contents in 
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groundwater are much less than the desirable limit. During the last few years, there 
has been remarkable increase in agricultural production in and around Faridabad 
and Ghaziabad. The major factor in this increase has been the use of high-yielding 
varieties. Use of these high-yielding varieties along with chemical fertilizers in the 
intensive croping system can cause depletion of micronutrients including zinc in the 
soils. 
Samples collected from deep tubewells show low levels of zinc concentration 
as compared to shallow handpumps. The presence of zinc in deep zones is likely to 
be from natural sources as there are clay beds in the intervening layers which pre-
vent effects of local pollution. 
Zinc is vey significant element for human health and agriculture. Deficiency 
of zinc may lead to retarted growth, sexual infantilism in teenage individuals and 
impaired wound healing (Underwood, 1971). Zinc is relatively non-toxic and con-
centration of zinc upto 25mg/L have shown few adverse effects (McNeely et al. 
1979). Water with high levels of zinc has a milky appearance and produces metallic 
or astringent taste on boiling. 
Cadmium (Cd) 
Cadmium is considered to be an enviromentally hazardous element because of 
its high toxicity and greater capability of accumulation and retension in the body of 
organisms including humans. Cadmium in nature exists mainly in the form of 
sulphide. Large quantity of cadmium is often found with the ores of zinc, copper 
and lead in the form of impurities. The major sources of cadmium on land in the 
r 
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study area are effluents of industries connected with electroplating, copper and nickel 
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alloys, paints, nickel-cadmium batteries etc. Apart from these, sewage sludge, ferti-
lizers and pesticides containing cadmium salts may also be the sources of cadmium 
pollution of groundwater in the area. 
Concentration of cadmium in groundwater ranged from 0.002 to 3.504 mgA. 
with an average of 0.109 mg/L. Its concentrations at several places were below the 
detection limit. Abnormally higher levels of cadmium (3.504 and 3.072 mg/L) have 
been observed at Tigaon and near canal at Chandawali which may be due to perco-
lation of canal water containing effluents of industries into groundwater system. 
WHO (1984) has prescribed cadmium concentration of O.Olmg/L as the maximum 
permissible limit for public water supplies. Cadmium levels in groundwater at most 
places were less than 0.01 mg/L. Higher contents of cadmium have been observed at 
Chandawali, Tigaon, Kherikalan, Nachauli and Dadsia. 
Cadmium in its ionic form is highly toxic to many organisms. The metal from 
the body of the higher organisms is not easily excreted, causing an increase in its 
biological half- life time. In man biological half-life time of cadmium has been 
found to be in the range of 10-30 years (Clarkson, 1975). High concentration of 
cadium causes adverse effects on human body. Cadmium has been associated with 
hypertension and cardiovescular diseases (Schroeder, 1965), and Itai- itai disease 
which is characterized by decalcification of bones. 
Lead ( P b ) 
Lead is a toxic metal and tends to accumulate in the skeletal structure of man 
and animals. Due to solubility control and capacity of soils to absorb lead, the con-
centration of lead in groundwater is usually low. Above pH value of 8.0, the solubU-
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ity of lead is below 0.01 mg/L whereas below 7.0 pH, the natural waters may have 
higher concentration of lead (Hem, 1970). Main sources of lead in groundwater are 
effluents of industries such as paints, storage batteries, printing and dyeing, impuri-
ties in fertilizers and insecticides. Lead is also released to the atmosphere by smelt-
ing operations due to which soils around these areas contain high concentrations of 
lead, a part of it may be leached to the groundwater system. 
In the study area lead concentrations in groundwater were generally low with 
levels less than 0.03 mg/L at most of the places. The concentration of lead exceeding 
maximum permissible limit (0.01 mg/L) prescribed by WHO (1984) have been ob-
served at Punjabi Colony, Escort Research Centre, Tigaon and Padamnagar. Lead 
contents in groundwater at greater depth were comparatively low (Fig 6.23 ). 
Lead has adverse effects on human health. As a result of ingestion of lead, 
there may be loss of appetite, fatigue, irritation, headache and vomitting (Stephen, 
1972). Chishohn (1971) has reported that higher contents of lead disrupt the blood 
enzyme in humans and can induce a reduction in haemoglobin. Repeated ingestion 
of lead has adverse effects on blood cells, nervous system, kidneys and may cause 
brain damage. Symptoms of acute lead poisoning as reported by WHO (1984) are 
tiredness, lassitude, slight abdominal discomfort, irritability and anaemia. 
Copper (Cu) 
Copper is an essential element for plants and humans and acts as a micronutrient 
Natural sources of copper ( Weathering of sulphide ores ) contribute a quite low 
concentrations in groundwater. Industrial effluents from plating and electrical units, 
paints, pumping equipments, textiles and pesticides are the sources of copper in 
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groundwater of the area. 
Copper concentration in groundwater ranged between 0.002 mg/L to 0.358 
mg/L averaging 0.049 mg/L. The analytical results (Appendix VI) show that the 
overall concentration of copper in the area is within the permissible limits of WHO 
(1984) and ISI (1983). Comparatively high concentrations have been observed in 
groundwater near industries and canals indicating effects of effluents on groundwater. 
Copper is an essential metal in human metabolism (WHO, 1973). The daily 
requirement of copper for an adult is 2.0 mg/L (McNeely et at, 1979). Copper is 
involved in haemoglobin synthesis, connective tissue development and normal 
functioning of central nervous system. The greatest danger of copper toxicity arises 
when children consumes beverages that have been in contact with copper container 
( Food and Drug Administration, 1975 ). It has been established that copper 
deficiency is linked with anaemia, diarrhoea, demineralization of bone etc. Wilson 
disease has also been associated with abnormal copper metabolism (Kakar, 1986). 
Iron ( F e ) 
Iron is mostly a naturally derived metallic pollutant which owes its origin in 
waters mainly to the sources derived from soil and rocks. However, the major 
anthropogenic sources of iron in groundwater of the area are effluents of industries 
connected with manufacture of iron or steel and metal plants. The corrosion of pipes, 
pumps and other such structures can also increase to some extent the concentration 
of iron in groundwater system. 
Iron in groundwater is present in varying concentration from 0.002 to 0.782 
mg/L. The overall distribution of iron indicates that they are within the permissible 
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limits prescribed by WHO ( 1984 ) and ISI (1983) for drinking water supplies. 
Relatively higher contents of iron have been observed at Raipur, Asgharpur, indus-
trial areas, MatoUa, Buraina and Manjhauli. Low concentrations of iron were ob-
served in the samples collected from deep tubeweUs. 
Iron is an important and essential element for humans and exists in the body in 
the ionic and non- ionic forms. The presense of iron in substantial quantities renders 
the water unsuitable for food processing, making beverages, dyeing, bleaching, 
manufacturing ice and many other items. Higher concentrations of iron in drinking 
water impart bitter- sweet astringent taste and inky flavour. Due to these reasons the 
limit of iron in drinking water is not because of the health consideration but due to 
its aesthotic and taste significance. 
Manganese ( M n ) 
Manganese, like iron, is also a naturally derived metallic pollutant, and resem-
bles with it in many pollutional aspects. The important natural sources of manga-
nese are soils, sedimentary and metamorphic rocks. There are large numbers of 
industries in Faridabad and Ghaziabad manufacturing iron and steel. The effluents 
discharged from these industries are the primary sources of manganese in groundwater 
of the area. Utilization of fertilizers in agricultural areas may contribute manganese 
content in groundwater. Concentration of manganese in groundwater is usually low 
due to geochemical controls. It is adsorbed on the clays, organic matter, freshly 
precipitated hydrated iron oxides, silicates etc. Waters with excessive quantities of 
decaying matter have significant quantities of manganese, since it is a plant nutrient 
and the reducing conditions keep it in solution. At high pH, it tends to precipitate 
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due to its conversion into oxidized form. 
Manganese concentration in groundwater is not very high. In general, it is 
within the permissible limit (0.5 mg/L) of WHO (1984). The places where man-
ganese contents in groundwater exceeded standard limit for drinking water are Raipvu: 
Khadar, industrial areas, Ballabgarh and near canal at Chandawali. The value of 
manganese varied from 0.003 to 0,804 mg/L with an average of 0.165 mg/L. The 
highest value (0.804 mg/L) was recorded at Ballabgarh. 
Manganese is also an essential element for nutrition of man. It does not appear 
to have toxicological significance in drinking water at the quantities generally present 
in natural waters, however, in some cases chronic poisoning by manganese can result 
by its ingestion manifested in progressive deterioration of central nervous system ( 
Dreishbach, 1971 ). Its deficiency may inhibit growth, disrupt the nervous system 
and interfere with reproduction functions ( McNeely et at, 1979 ). High 
concentrations of manganese cause manganism, a disease of central nervous system 
involving psychic and neurological disorders. As a result of this there may be 
irritability, difficulty in walking, speech disturbances etc. 
Chromium ( C r ) 
Chromium is one of the most widely distributed heavy metals in the earth 
crust. It is usually found in two oxidation states i.e. Cr*' and Cr^. Cr*' gets easily 
oxidized to Cr** which is more toxic. The trivalent form is not present in waters with 
a pH greater than 5 due to low solubility of its hydrated oxide ( McNeely, 1979 ). 
Chromium in the area is extensively used in metaUurgical industry for manufacture 
of various alloys and steels. It is also used in electroplating, pigments, tanneries. 
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photographic materials, wood preservatives and corrosion inhibitors. Several 
industries use chromate for making refractory materials and a number of 
chromium containing materials. All these wide ranging applications of chromium 
may be responsible for the higher levels of chromium in groundwater in the study 
area. Higher levels of chromium due to pollution from electroplating wastes have 
been reported by Kakar and Bhatoagar ( 1981, 1983 ) and Kakar and Janeshwar 
(1981). 
Chromium concentrations in groundwater ranged from 0.002 mg/L to 0.382 
mg/L. In some samples it is below the detection limit. ISI (1983) has prescribed 0.05 
mg/L of chromium as the highest desirable limit in drinking water supplies. 
Chromium contents at several places crossed the standard limit in both shallow and 
deeper groundwater. Higher levels of chromium have been observed at Raipur, Mujeri, 
Bata Chowk, Ballabgarh and Arwa village. High concentrations of chromium in 
groundwater may be due to the percolation of highly polluted water of canals and 
drains spreading over the larger part of the area. The places where higher values of 
chromium in groundwater have been recorded, absorption capacities of clays and 
sand might have been saturated. 
Toxicity of chromium is greatly dependent upon the hardness of water which 
works antagonistically with it Chromium toxicity also varies with temperature, pH, 
oxidation state (i.e. Cr*^  and Cr*^ ) and the species involved (Goel, 1997). Hexavalent 
chromium is much more toxic than trivalent chromium but it has no nutritional 
value and may be absorbed through the skin and by inhalation and corrosion (U.S. 
Environmental Protection Agency, 1983 ). Occupational hazards of hexavalent 
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chromium cause skin and respiratory disorders and ulceration of skin. 
Nickel ( N i ) 
Nickel is not commonly found in natural deposits. The solubility of nickel 
salts in water is quite low. Due to formation of complexes and adsorption on iron 
and manganese hydroxide during percolation, the concentrations of nickel in 
groundwater are usually low. Effluents of electroplating wastes, steel alloy indus-
tries, dyes and textile, nickel-cadmium batteries and chemical industries are the 
possible sources of nickel in groundwater. Nickel concentration in groundwater is 
generally less than 0.45 mg/L. The maximum concentration (1.45 mg/L) of nickel 
was observed at Ballabgarh. Since WHO and other agencies have not prescribed 
any limit for nickel in drinking water supplies, it is difficult to critically evaluate the 
extent of nickel pollution in the study area. 
High concentrations of nickel are harmful for human health. Contact with 
nickel salts in aqueous solution causes dermatitis and repeated inhalation of nickel 
compounds may cause lung cancer (McNeely, 1979). 
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GRAPHICAL METHODS AND HYDROCHEMICAL FACIES 
An important task in groundwater investigations is compilation and presenta-
tion of chemical data in a convenient manner for visual inspection. For this purpose, 
graphic representations are useful for display, comparing analyses and for empha-
sizing similarities and differences. A variety of graphic techniques have been 
developed for showing the hydrochemical data. In the present study, bar graph, vector 
diagram, pattern diagram and trilinear diagram have been used for the presentation 
of the results of chemical analysis. Eight representative samples from Naurangabad, 
Tilpat, Sanjay Colony, Ballabgarh, Atalli, Tigaon, Nachauli and Manjhauli were 
taken and plotted on different diagrams to show the result of hydrochemical data of 
the groundwater samples. 
Bar digram is the simplest and widely used for representing chemical quality 
of water. For each samples vertical bar represents the major-ion composition in 
equivalents per cubic metre (or milli equivalents per litre). The left half of a bar 
represents cations and right half anions. Pattern diagram was first used by Stiff 
(1951) for representing chemical analysis by four parallel axes. Concentration of 
cations are plotted to the left and anions to the right of vertical axes. Hem (1970) 
developed vector diagram for plotting chemical results with radiating vectors. The 
length of vectors represent ionic concentration in milli equivalent per litre. 
The results of analyses of chemical quality of groundwater for eight repre-
sentative samples have been plotted on Bar, pattern and vector diagrams (Fig- 6.15, 
6.16 and 6.17). The vertical bar diagram (Fig-6.15) reveals that among the cation 
groups Na + K is dominant except at Manjhauli and Tilpat where magnesium and 
HCO3 -t-COj are respectively highest among the anion groups. The highest 
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concentration of cations and anions among eight representative samples were re-
corded at Ballabgarh and the lowest at Tilpat. Among the anions, the concentrations 
of chloride were higher than the other constituents at Atalli, Tigaon and Nachauli. 
All groups of anions are almost equal in proportion at Ballabgarh. The dominating 
anion group HCO3 + CO3 were recorded at Tilpat and Manjhauli, though overall 
concentrations of both cations were low. Sulphate cont^t among anions was high-
est at Naurangabad. 
The bar, radial and Stiff diagrams are all easy to construct and provide quick 
visual comparison of individual chemical analysis but they are not convenient for 
graphic presentation of large numbers of analyses. For this purpose a diagram devel-
oped by Piper (1944) is in common use to show chemical character of groundwater. 
The trilinear diagram represents the concentrations as percentages. In the triangular 
field at the lower lift, the percentage reacting values of the three cation groups 
(Ca^Mg^,Na *) are plotted as single point according to conventional trilinear coor-
dinates. Likewise three anion groups (HCOj', SO "^, Q") are plotted at the lower 
right (Fig- 6.18). The central diamond shaped field is used to show the overall chemical 
character of the groundwater by single point plotting, which is at intersection of rays 
projected from the plottings of cations and anions. 
Hydrochemical Facies 
The diagrams presented above are useful for visually describing differences in 
major-ion chemistry in groundwater flow system. In order to represent water com-
position in a convenient manner by identifiable groups. Back (1961, 1966), and 
Morgan and Winner (1962) have developed the concept of hydrochemical facies. 
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Hydrochemical facies are distinct zones that have cation and anion concentrations 
describable within defined composition categories (Allan and Cherry, 1979). Ac-
cording to Back (1961) the term hydrochemical facies is used to describe the bodies 
of groundwater in an aquifer that differ in their chemical composition. The facies 
are a function of lithology, solution kinetics and flow pattern of the aquifer (Back, 
1966). 
The per cent values of cations and anions were plotted on trilinear diagram 
(Fig- 6.18) as suggested by Morgan and Winner (1962) and Back (1966) in order to 
designate hydrochemical facies of the study area. The plotting of analytical results 
shows that sodium or potassium is the dominant facies among the cations. About 
70% of the samples analysed were found to fall in sodium potassium type facies, 
only five samples fall in calcium type facies and rest of the samples in no-dominant 
type facies. Among the anion facies, majority of the samples fall in no-dominant 
type facies followed by bicarbonate type facies. Few samples belong to chloride and 
sulphate type facies. 
WATER QUALITY STANDARDS 
The term standard applies to any definite principle or measure established by 
limiting concentration of constituents in waters which ensure the safe use of water 
and safeguard the environment. Polluted water is hardly of any use for most pur-
poses. It can not be utilized for drinking because of its inherent health risk. The 
quality of water also interferes with the aesthetic and economic persuits of water by 
affecting the aquatic life. However, the water which is not suitable for drinking may 
be good for irrigation, or water unsuitable for irrigation may be quite suitable for 
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industrial cooling or fish growth. Thus it can be seen that each use of water has its 
own limits on the degree of pollution it can accept. 
Every use of water requires a certain minimum quality of water with regard to 
the presence of dissolved and suspended materials of both chemical and biological 
nature. The interpretation of a chemical, physical and biological analysis is highly 
subjective matter and is not possible to have a single water quality criteria that can 
have universal application. Therefore, certain accepted standards have been adopted 
while interpreting the chemical analyses result of water in relation to its use. Water 
quality criteria is considered as specific requirement on which a decision or judge-
ment to support a particular use will be based. 
Water Quality Standards For Domestic Uses 
In view of the direct consumption of water by human beings, the domestic 
water supply is considered to be the most critical use of water. Drinking water 
standards are based on the presence of objectionable tastes, odours, colours and the 
presence of substances with adverse physiological effects. Various national and in-
ternational organizations like Indian Council of Medical Research (1975), Indian 
Standard Institution (1983) and Worid Health Organization ( 1971,1984 ) have 
formulated certain drinking water standards. The main objective of these guidelines 
is to safeguard the health of the people and to combat pollution hazards. 
The hydrochemical data of the water samples of the study area are compared 
with drinking water standards of World Health Organization (1984 ) and Indian 
Standard Institution (ISI, 1983 ) and is given in Table 6.1. 
Appendix V-A and Table 6.1 show that the concentration of total hardness, Ca, 
Mg, SO ,^ NO3, F and CI are within the permissible limit of WHO (1984) and 
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ISI (1983) at most places. Al few places nitrate, fluoride and chloride contents were 
found above the maximum permissible limit of WHO (1984) and ISI (1983). The 
values of E.C. and TDS were found higher at most places in the study area. 
Groundwater is therefore, characterized by higher extent of salinization. Overall, 
the groundwater is fresh and slightly brakish, moderately hard to hard and alkaline 
in nature. 
The concentration of certain trace elements like. Cd, Pb, Fe, Cr and Mn are 
reported to have exceeded the drinking water standards of WHO and ISI at few 
places in the area. Trace elements are most harmful and toxic pollutants because of 
their non- biodegradable nature and their potential to cause adverse effects on hu-
man health. The source, and dispersion of trace elements and their impact on water 
quality have already been discussed in this chapter. 
Water Quality Standards for Irrigation 
Utilization of groundwater for irrigational purpose depends on many factors 
such as texture and composition of soil, type of crop, climate, irrigational practices 
and finally chemical quality of groundwater. With regard to the quality of water for 
irrigation, the major parameters of concern are salinity denoted by dissolved solids 
and conductivity, potentially toxic trace elements and herbicides. Besides, the pres-
ence of sodium is also an important parameter, the excess quantity of which can 
deteriorate the soils. High value of sodium may also damage the sensitive crops 
because of sodium phototoxicity. 
The suitability of groundwater for agricultural purposes is depend on the ef-
fects of the mineral constituents of the water on both plant and soil. Effects of salts 
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on soils causing changes in soil structure, permeability and aeration indirectly affect 
plant growth. Specific limits of permissible salt concentrations for irrigation, water 
cannot be stated because of the wide variations in salinity tolerance among different 
plants. However, various irrigational specifications have been proposed by different 
workers, organizations and agencies, including Kelly et al. (1940), Wilcox (1955), 
Eaton (1940), U.S. Salinity Laboratory Staff (1954), Federal Water Pollution Con-
trol Federation (1968), Environmental Protection Agency (1973), Ayers and Branson 
(1975) and Ayers and Westcot (1976) for evaluating the suitability of water for agri-
cultural purposes. 
In order to evaluate the suitability of groundwater of the study area for agri-
cultural uses, relative proportion of sodium to other cations. Sodium Adsorption 
Ratio (SAR) and Residual Sodium Carbonate (RSC) have been determined and in-
terpreted in light of guidelines proposed by the above workers and agencies. 
The concentration of sodium is important in classifying an irrigation water 
because sodium reacts with soil to reduce its permeability (Todd, 1980). Soils con-
taining a large concentration of sodium render it unsuitable for plant growth. The 
sodium content in water can be denoted by percent sodium. 
(Na + K) 100 
% Na = 
Ca+Mg+Na-^ K 
The value of individual constituents are taken in epm. Sodium ions have a 
tendency to be adsorbed by soil collides. Increase of sodium ion content in water 
beyond 50% replaces the ions like Ca and Mg in soil by base exchange. Percent 
sodium upto 50% is acceptable for irrigational use above which alkalisation steadily 
increases. This will support little or no plant growth. The following classification 
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<20 
20-40 
40-60 
60-80 
>80 
<250 
250- 750 
750- 2000 
2000- 3000 
>3000 
based on percent sodium and electrical conductivity of water for inigation has been 
given by Wilcox (1955). 
Table 6.2: Quality Classification of water for irrigation (Wilcox,!955) 
Water Class % Na E.C. ([iS/cm ) 
Excellent 
Good 
Permissible 
Doubtful 
Unsuitable 
The values of per cent sodium against electrical conductivity are compared 
and plotted on Wilcox diagram (Fig 6.19). The diagram reveals that there is wide 
variation in the groundwater quality of the area. About 40 per cent of the water 
samples falls in excellent to good and good to permissible classes, 17 per cent in 
each permissible to doubtful and doubtful to unsuitable classes and rest 24 per cent 
falls in unsuitable class. 
Sodium Adsorption Ratio and Salinity Hazards 
Suitability of water for agricultural purposes can better be assessed by So-
dium Adsorption Ratio ( SAR ) because of its direct relation to the adsorption of 
sodium by soil. It is defined as follows; 
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Na 
SAR = 
V(Ca+Mg)/2 
Where the concentration of the constituents ai-e expressed in milli equivalent per 
liU'e. The quality classification of irrigation water as suggested by U.S. Salinity 
Laboratory is given in Table 6.3. 
Table 6.3: Quality classification of irrigation water (after U.S.S.L, 
1954) 
SalinityHazards 
( E.C, in nS/cm ) 
< 250 (Cj) 
250 - 750 ( q ) 
750-2250 (C3) 
> 2250 (C,) 
Alkali Hazards 
(SAR) 
< 10 (S,) 
10- 18 (S,) 
18-26 (S3) 
> 26 (S,) 
Water class 
Excellent 
Good 
Moderate 
Poor 
The values of electrical conductivity and sodium adsorption ratio are plotted 
on U.S. Salinity diagram (Fig- 6.20) which gives direct indication of the salinity and 
alkali hazards. A persual of table - 6.3 and Fig - 6.20 shows that the groundwater of 
the area at most places belongs to the categories of C3 Sj and C3 S^  which falls within 
the zone of moderate to good water quality class. The samples collected from Tigaon, 
Padamnagar, Bakharpur and Cement Research Institute fall in the poor zone of wa-
ter quality (C^ S^  class). The SAR values in 56 out of 65 samples were less than 10 
and E.C. values in about 56% of the water samples are greater than 1500 jiS/cm 
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thereby indicating low alkali hazai'd and high salinity hazai'd. Goel (1997) has 
suggested the criteria based on different chemical constituents and SAR values for 
irrigational purpose (Table-6.4 & 6.5). 
Table 6.4: Suitability of water with different constituents for 
irrigation. 
Class of TDS Sulphate Chloride %Na E.C. Suitability for 
water (ppm) (ppm) (ppm) (nS/cm) irrigation 
I 0-700 0-192 0-142 
II 700-2000 192-480 142-355 
III >2000 >480 >355 
0-60 0-750 Excellent to good 
for irrigation 
60-75 750-2250 Good to injurious, 
suitable only with 
peraieable soil 
and moderate 
leaching harmfuU 
to senstive crops. 
>75 >22-50 Unfit for irrigation 
Table 6.5: Suitability of water for irrigation with different values of 
SAR. 
SAR 
0-10 
10-18 
18-26 
>26 
Suitability for Irrigation 
Suitable for all types of crops and all types of soils except for 
those crops which are highly sensitive to sodium. 
Suitable for coarse textured or organic soil with good permeabil-
ity. Relatively unsuitable in fine textured soil. 
Harmful for almost all types of soil. Require good drainage, high 
leaching and gypsum addition. 
Unsuitable for irrigation. 
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While comparing the data of the present investigation with the above classifi-
cation (Table 6.4 & 6.5), it is seen that in general the groundwater of the area falls in 
II class of water quality and is suitable for all types of crops and all types of soils 
except for those which ai"e highly sensitive to sodium. 
The quality of water for irrigation can also be assessed by the quantity, Re-
sidual Sodium Carbonate (RSC) which is defined as follows; 
RSC = (CO3-- + HCOf) - (Ca** + Mg^) 
where the concentration of constituents are expressed in epm. Eaton (1950) sug-
gested that water having carbonate and bicarbonate ions in excess of Ca and Mg will 
lead to much greater alkali formation than is indicated by its SAR thereby decreas-
ing soil permeability. United State Salinity Laboratory Staff (1954) observed that in 
water containig more than 2.5 epm of RSC is generally not suitable for irrigation, 
1.25 to 2.5 epm is marginal and that containing less than 1.25 epm is absolutely safe 
for irrigation. Excessive values of RSC cause the soil sti"ucture to deteriorate as the 
water and air movement through soil is restricted. 
In the present study RSC values at most places were found negative and less 
than 1.25 epm (Appendix V-B & Fig- 6.21) and at places between 1.25 and 2.5 epm 
thereby imparting suitable nature of groundwater for irrigation. However, the 
groundwater of residential Punjabi and Janata colonies, Bakharpur and Padamnagar 
is not suitable for irrigation as the RSC values in these areas are more than 2.5 epm. 
Ayers and Branson (1975) and Federal Water Pollution Control Federation, 
U.S.A (1968) have proposed tolerance limit of trace elements for irrigation (Table 
6.6). While comparing the content of trace elements in groundwater of the study 
area with standard limits, it is found that the concentrations of uace elements are 
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well within the pennissible limit. Groundwater in the study area is deficient in zinc 
concentration. 
Table-6.6: Trace elements tolerance limit (mg/L) of irrigation water 
as proposed by FWPCF (1968) and Ayers and Branson 
(1975) 
Trace elements 
Copper 
Iron 
Manganese 
Zinc 
Cadmium 
Lead 
Chromium 
Lithium 
Water use (FWPCF, 1968) 
Continuous 
0.2 
-
2.0 
5.0 
0.005 
5.0 
5.0 
5.0 
Short term in 
fine textured 
soil 
5.0 
-
5.0 
10.0 
0.05 
10.0 
0.05 
5.0 
Water use (Ayers & Branson, 1975) 
Continuous 
0.2 
5.0 
0.2 
2.0 
0.01 
5.0 
0.1 
2.5 
Short term in 
fine textured soil 
5.0 
15.0 
10.0 
10.0 
0.05 
10.0 
1.0 
2.5 
As zinc is an essential micronutrient for plants, its deficiency in groudwater 
which is used for irrigation may results in a number of plant disease like bronzing of 
tung, rosette of pecan and white bud of maize. 
RELATIONSHIP AMONG WATER QUALITY PARAMETERS 
Water is the most abundant essential component and is a universal solvent. 
Becauseof unabated increase in the deterioration of surface water quality, groundwater 
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is perhaps the most important component of the total water system for human con-
sumption. Correlations among water quality pai^ ameters greatly facilitate the task of 
rapid monitoring of water quality (Tiwail and Ali, 1988; Kumar et al.l994). Jain 
and Shamia (1997) and Rao and Rao (1994) have calculated correlation coefficients 
in order to ascertain the relationship among water quality piu-iuneiers of groundwater. 
In the present study correlation coefficient among various chemical variables 
have been calculated (Table 6.7) for monitoring the groundwater quality of the area. 
The highest positive correlation (0.975) was found between electrical conductivity 
and total dissolved solids which indicates that the electrical conductivity in the 
groundwater of this region is due to dissolved solids. The high correlation of electri-
cal conductivity, total dissolved solids and total hardness with chloride, sodium, 
magnesium and potassium was also observed. This indicates that the groundwater of 
the region contains chloride salts of sodium, potassium and magnesium. A positive 
high correlation between sodium and chloride is an indicative of sodium chloride 
in these waters. A good correlation of total hardness with magnesium, calcium, 
chloride and sulphate shows that hardness in the groundwater is mainly due to chlo-
ride and sulphate salts of calcium and magnesium. The highest negative correlation 
was observed between calcium and magnesium. pH shows the negative correlations 
with total hardness and calcium. 
In order to study the relationship of major chemical constituents with electri-
cal conductivity (salinity), the entire chemical analysis data have been summarised 
in the form of average values of major constituents in different E.G. ranges and aie 
given in Appendix IX. The changes occurring in average values of various chemical 
constituents with respect to electrical conductivity in groundwater of the region aie 
168 
U 
0) 
B 
CU 
^ 
o o\ 
C3 
cr 
O 
> 
bX) 
o 
C/3 
u 
s 
o u 
"3 u u o 
U 
• • 
E2 
I 
H 
U 
-!t 
• * 
o 
f^ 
VO 
00 
OS 
t~ 
rf 
VO 
o <o 
oo 
C\ 
—^  
f—I 
o 
t-~ 
rt 
c m 
o 
en (S 
o 
O 
d 
VO O 
cs o 
OS 
o d 
<N 
ts OS 
OS 
O 
<o 
OS 
OS 
^^  
so 
en OS 
o 
CO 
rn 
VO 
d d 
15 
d 
r—1 
OS 
00 
d 
o\ 
00 
d 
Vl 
t^  OS 
en 
OS 
r-
Os 
o 
o 
ro 00 
so t^ 
d d 
f-H 
o 
m 
rs 
o OS 
<o 
00 
«s 
<o 
so 
T — < 
d 
<o 
so 
r—( 
d 
(^  
o 
o d 
1 
OS 
,_^  
d 
00 
m d 
so OS 
o d 
•/^  00 
r-< O 
d d 
U o 
01 
e 
u 
a 
m u 
M) 
u S 
169 
depicted in Fig 6.3. 
From Appendix IX and Fig 6.3, it is observed that there is rapid increase in the 
average vaUies of chloride ions with increase in E.G. indicating that chloride ions 
aj'e the inajor contj-ibution to the salinity of water. Hai'dness. sulphate and sodium 
ions also show the positive relationship with the salinity. In the E.G. range from 
1500 to 2500 |aS/cm, the average content of bicai^ bonate ions decreases which can 
be attributed to precipitation of carbonate bearing minerals. Galcium and magne-
sium ions are not significantly related with the electrical conductivity. 
VERTICAL DIFFERENCES IN GROUNDWATER QUALITY 
Differences in vertical variations in water quality parameters are influenced 
by the soil profile and can complicate investigations of water quality by necessitat-
ing pai^ ameter measurements at multiple depths. Statements of how criterion con-
centrations vary with depth in an aquifer are usually based on simultaneous meas-
urements at diffemt depths. This would require depth- integration samples. In this 
investigation, the shallow handpumps and deep tubewells were considered as a proxy 
for the relative depth of sampling. 
Goncentrations of major ions and trace elements were studied to identify the 
possible relationships with relative depth of sampling. Fig 6.22 shows the average 
values of various major chemical constituents in deep and shallow aquifers. The 
diagram reveals that the concentrations of all chemical constituents except calcium, 
magnesium and total hardness are less in deeper aquifer as compared to shallow 
aquifer thereby indicating somewhat decreasing trend with increasing depth. This is 
in general agreement with the finding of Spalding and Exner (1980) in Nebraska in 
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gravelly, unconfined aquifer, U.S.A. where groundwater quality improved witli depth. 
Concentrations of calcium and magnesium in deep aquifer ai^ e high in com-
parison to shallow aquifer. This agrees with the results obtained by Close (1987) in 
a New Zealand, where concentration of Ca and Mg tended to be higher with depth in 
irrigated land. Higher concentration of hardness at greater depth may be due to the 
presence of calcium and magnesium ions in a comparatively large proportion. Sam-
ples collected from shallow handpumps are characterized by higher content of heavy 
metals as compared to deep tubewells (Fig 6.23) which may be due to the fact that 
some industries are discharging their effluents directly without any treatment in the 
unlined drainage and open field. 
Spatial Variation in Groundwater Quality 
Physical and chemical helrogeneity in hydrology of an area, due to valuations 
in porosity, permeability, thickness of layers and in sediment mineral composition 
are the main reasons for spatial variation in groundwater quality. Other factors 
responsible for spatial variations are infiltration, water composition and quantity of 
water. These are caused by variations in precipitation, farming practices and local 
variations at the land surface in terms of ponding, woody vegetation, and water 
movement in macro-pores (Bjerg and Christensen, 1992). 
The basic statistical parameters of the variables such as minimum, maximum, 
mean and standard deviation are summarized in appendix X. It is evident from the 
appendix that mean of pH value is 7.15 while the standard deviation is only 0.65 
indicating that variation in pH value is very low. Variations in Ca^*, Mg^*, Na*and 
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K"^  values aie also comparatively low. In contrast variables like Electrical conductiv-
ity, Total Dissolved Solids, HCO3", SO^ "^ and Hardness have wide range of vai'ia-
tion. 
A persual of Appendix V&VI indicates that all water quality pai-anieters in 
representative groundwater samples showed substantial spatial variation. These valu-
ations may be due to horizontal geological small- scale variations and local varia-
tions in the ai^ eal application of fertilizer. Nitrate may be denitrified in anaerobic 
stagnant water which may cause a large variation spatially ( Bjerg and Christensen, 
1992). Concentrations of chloride, sulphate, bicarbonate E.G. and TDS appeared to 
be higher at Ballabgarh, Tigaon and Nachauli while lower atNaurangabad, Manjhauli 
and Tilpat. Higher values of trace elements were observed at Tigaon and Ballabgarh 
(Fig. 6.24 a&b). 
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SUMMARY AND CONCLUSION 
SUMMARY AND CONCLUSION 
Water is the most valuable intake necessaiy for the survival of life on earth. 
India has about 16% of the world population but only 4% of average annual runoff 
in the rivers of the planet. The utilizable annual water resource of India comes to 
69.0 million hactare metre (m ha m) from surface and 43.2 m ha m from groundwater 
resources, or a total of 112.2 mham per year-. Because of rapid population, industrial 
and agricultural growth, the demand of water has been increased many folds. With 
growth of science and technology, new types of industries come with new materials 
to make our life more comfortable, but at the same time pollute the surface and 
groundwater unless appropriate preventive measures ai^ e taken. 
As the groundwater system is the sole source for public water supply and there 
are no immediate realistic alternative sources, systematic hydrogeochemical survey 
of groundwater was carried out to study the aquifer system, extent of groundwater 
pollution, and water quality status in parts of the Yamuna river sub-basin. 
physiographically, the area is divided into three distinct geomorphic units; (i) 
rock\- surface (ii) flood plains and (iii) higher alluvial surface. The rocky surface has 
an o\erall slope towards north and east, with elevation varying from 213 to 314 m 
relative to surrounding plain. The flood plains are characterized by hetrogeneity of 
landforms. The higher alluvial surface has a general elevation of 224 m above mean 
sea level in northern part and slopes down southerly to an average elevation of 196-
199 m around Ballabgarh. The area is drained by the Yamuna river which shows 
distinct braided character. 
The area falls under the sub-tropical climatic zone with extremes in summer 
and winter. The mercury shoots upto 44° C or even more during May every year and 
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drops to below 5° C during January. The average annual rainfall in Faiidabad and 
Ghaziabad is about 487 mm and 680 mm respectively. About 85% of the total rain-
fall occurs in the months of July and August. The coefficient of variation in the basin 
varies from 26.68 to 36.35%, being minimum in Faridabad and maximum in 
Ghaziabad. This indicates that occurrence of rainfall varies mildly all over the aiea. 
The Ganga basin of Indogangetic plain forms the largest groundwater 
reservoir in India, and is considered to be formed as a result of continent- continent 
collision between Indian and Asian plates. 
The study area is occupied by Quaternary alluvium and Pre-cambrian Alwar 
quartzites of Delhi Supergroup. Alwar quartzites occupying north western part of 
Faridabad are folded and faulted and generally strike in NNE - SSW direction with 
easterly dips. Quaternary alluvium overlies unconformably the Alwar quartzites and 
covers major parts of the study area. The alluvial sediments of Yamuna river sub-
basin comprise sequence of clay, silt, different grades of sand, gravel and kankar. 
The deposits are river laid, lenticular in shape with thickness increasing towards east 
and south- east. 
Clusters of large and small scale industries located in the area are discharging 
their effluents without proper treatment into the Yamuna, consequently polluting 
the groundwater. The major sources of groundwater pollution in the area include 
industrial wastes, agricultural activities and urban and domestic wastes. The pollut-
ants generated from these sources move primarily downward from the surface through 
unsaturated zone and solute undergoes only a small degree of horizontal displace-
ment. As soon as the pollutant reaches the saturated zone, it follows the groundwater 
flow and spreads over a larger area in groundwater system. 
The Yamuna river sub-basin occupying western part of Ganga basin forms 
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potential groundwater reservoir-. The vai"ious hydrogeological cross sections and fence 
diagram apparently depict single aquifer system on a regional scale down to depth 
of 100 m. Alluvium having variable thickness comprises clay, silt and sands of 
vai-ious grades. Groundwater occurs under water table condition in shallow aquifer 
and semi- confined to confined condition in deeper aquifer. Because of the presence 
of highly porous materials in the shallow aquifer zone as compared to deeper aquifer 
zone, the shallow aquifers have better yield characteristics. 
A Persual of depth to water level maps of pre-monsoon (1996-97) indicates 
that in the central part, at Tigaon, Bhatola, Gharara and adjoining areas of Faridabad 
town, water level was generally deep and ranged between 12.0 and 21.08 m.b.g.l. In 
the vicinity of canals, water depth is generally shallow which may be attributed to 
seepage from unlined canal beds. Depth to water level during post monsoon periods 
varied from 2.45 to 20.05 m.b.g.l. in 1997. Shallow water level depth were observed 
in the eastern part of the Yamuna in Ghaziabad. 
The water level fluctuation maps indicating different fluctuation zones reveal 
that quantum of seasonal fluctuation in the water level varied from place to place. 
Seasonal fluctuation in water level vaiied from 0.35 to 2.45 m in 1996 and from 
0.27 to 2.44 m in 1997. In major parts of the area, it varied between 0.5 m and 1.5 m. 
The considerable variations in fluctuation in areas close to canal and river were 
probably due to the constant recharge of the aquifer through seepage resulting in the 
rise of water level. 
The elevation of water table during pre-monsoon periods varied from 175.85 
m at Alipur in the eastern part of Faridabad to 200.98 m above mean sea level in the 
north-western part close to Badhkal lake. In general the groundwater flow is to-
wards east and southeast with variations being controlled by some local factors and 
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canal network. Agra and Gurgaon canals, and Yamuna ai^ e influent in character and 
contribute considerable amount of water to shallow aquifers. 
Due to excessive withdrawal of groundwater, groundwater troughs have been 
developed in industiial and residential areas and in the south- eastern part ai"ound 
Tigaon and Tilpat. The formation of moulds at places is due to large scale seepage 
from unlined canals and their distributaries. In the major parts of the area, the values 
of hydraulic gradient ranged from 0.65 to 1.85 m/km. Steeper gradient (3.4 m/km ) 
was abserved in industrial area. No significant changes in the water table contour 
values were observed during post monsoon periods. 
The chemical quality of groundwater in parts of Yamuna river sub- basin was 
taken up from the analysis of 65 groundwater samples for study to evaluate its suit-
ability for irrigation and drinking purposes. In general, groundwater in the area is 
alkaline in nature and belongs to sodium or potassium type facies among the cations 
and bicarbonate or chloride type facies among the anions. The overall salinity of 
groundwater is high. Groundwater in central industrial and residential area is 
characterized by high extent of mineralization whereas eastern rural area is 
characterized by low extent of mineralization. 
Groundwater, at most places is hard. Excessively hard water has been reported 
at Jawahar Colony, Tigaon, Ballabgarh, Chandawali and Faridpur. Fluoride 
concentration at several places exceeded the maximum permissible limit (1.5 mg/L 
) of WHO (1984) prescribed for drinking purpose. High concentrations of nitrate 
were observed in patches due to localized pollution effects. A persual of Davis clas-
sification of water based on TDS value shows that the groundwater is fresh with 
occasional occurrence of brackish patches. The bar diagram representing the chemi-
cal quality of groundwater for eight representative samples reveals that among the 
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cation groups Na + K is dominent. The maximum concentrations of cations and 
anions were recorded at Ballabgai'h and minimum at Tilpal. Overall concenti^ ations 
of Ca, Mg, SO ,^ No,, F. CI and total hardness were within the permissible limit of 
WHO (1984) and ISl (1983) at most places. Nitrate, fluoride and chloride contents 
at some places were found above the maximum permissible limit prescribed by 
WHO (1984) for public water supply. 
Correlation coefficients among various chemical valuables were determined 
to study the relationship among water quality parameters.The highest positive cor-
relation was found between electrical conductivity and total dissolved solids. The 
positive correlation of E.C., TDS, and Total Hardness with CI, Na, Mg and K was 
also observed. Ca, Mg, Na and K have weak or negative correlation with each other. 
pH is negatively correlated with calcium and hardness. 
The plots of percent sodium against E.C and SAR values against E.C. showed 
wide spatial variation in groundwater quality for irrigation water. 
The chemical analysis of groundwater for heavy metals revealed that some of 
the toxic metals (Cd, Pb, Cr) present in groundwater were in concentrations higher 
than the tolerance limits of WHO (1984) and ISI (1983). The wide spread practice 
of dumping raw sewage in shallow soakpits has made apprehension of pollution of 
groundwater in the area. Abnormally higher levels of trace elements were observed 
at Tigaon near canals and in industrial areas indicating effects of effluents on 
groundwater. 
In general, higher concentrations of chemical constituents were observed in 
shallow aquifer as compared to deeper aquifer. So, it may be concluded that water 
taped from deeper aquifer is suitable for drinking as well as irrigational purposes. 
Groundwater pollution in the basin is mainly due to indiscriminate disposal of 
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industi-ial wastes on land and surface water channels. Present investigation has re-
vealed that the groundwater is characterized by high content of pollutants as evident 
from high concentrations of toxic metals. Water pollution from an industiy can be 
minimised easily if steps ai-e taken at the stage of planning and preparation of project 
by selecting proper site and appropriate technology. 
Keeping in view the declining water level at places due to excessive with-
drawal and deterioration in groundwater quality, it is suggested that cautious exploi-
tation of groundwater, continuous monitoring and ameliorative measures should be 
implemented otherwise the extensive groundwater resources may be damaged be-
yond the replenishment. 
Pollution load from industrial and urban centres can be minimised by 
installing proper waste tieatment and disposal system. Stabilization of ecosystem 
which involves reduction in waste input, removal of biomass, fish management and 
aeration is the most reliable way to control water pollution. Recycling and reutilization 
of wastes is another way to control water pollution. Various kinds of wastes such as 
paper, pulp, municipal and urban waste can be recycled to generate cheeper fuel gas 
and electricity. 
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Appendix - IC 
Rainfall data Analysis of Faridabad 
Mean of 11 years of Rainfall (X) = 
Siandai^ d deviation 
Coefficient of variation 
487.73 
130.16 
26.68% 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Year 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
Annual Rainfall 
(X) 
257 
720 
291 
621 
536 
402 
463 
488 
473 
521 
593 
X - X 
- 230.73 
232.27 
- 196.73 
133.27 
48.27 
- 85.73 
- 24.73 
0.27 
- 14.73 
33.27 
105.27 
Departure 
-0.47 
+ 0.48 
-0.40 
+ 0.27 
+ 0.10 
-0.18 
-0.05 
0.00 
-0.03 
+ 0.07 
+ 0.02 
Cumulative 
Dpai'ture 
-0.47 
+0.01 
-0.39 
-0.12 
-0.02 
-0.20 
-0.25 
-0.25 
-0.28 
-0.21 
+0.01 
Appendix -1 D 
Rainfall data Analysis of Ghaziabad 
19b 
Mean of 10 yeai's of Rainfall (X) 680.30 
Standai^ d deviation 247.17 
Coefficient of variation 36.33% 
S.No. Year Annual Rainfall 
(X) 
(X, - X) Departure Cumulative 
Depaiture 
1983 1187 506.7 + 0.74 0.74 
1984 600 80.3 -0.12 + 0.62 
3. 1985 889 208.7 + 0.31 + 0.93 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
1986 
1987 
1988 
1989 
1990 
1992 
1993 
567 
243 
788 
426 
779 
744 
580 
-113.3 
- 437.3 
107.7 
- 254.3 
98.7 
63.7 
- 100.3 
-0.17 
-0.64 
+ 0.16 
-0.37 
+ 0.15 
+ 0.09 
-0.15 
+ 0.76 
+ 0.12 
+ 0.28 
-0.09 
+ 0.06 
+ 0.15 
0.00 
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Appendix - II 
Lithologs of Tubewells drilled by G.S.I in Yamuna 
River sub-basin 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Lithology 
Location: Seekri 
TUbewell No. 1 
Surface Clay 
Clay and Kankar 
Sandy clay 
Medium Sand 
Coarse Sand 
Coarse Sand and Kankar 
Fine Sand and Kankar 
Medium Sand, Clay 
and Kankar 
Depth Range 
(metres) 
0.0 - 12.20 
12.20 - 27.43 
27.43 - 60.96 
60.96 - 73.15 
73.15-91.44 
91.44-103.63 
103.63-115.82 
115.82- 121.92 
Location :Phaphunda 
IbbewellNo. 2 
Surface Clay 
Clay & Kanker 
Fine Sand 
Medium Sand 
Fine Sand 
Medium Sand 
Coarse Sand 
0.0 -12.20 
12.20 - 27.43 
27.43 - 39.62 
39.62 - 45.73 
45.73 - 54.86 
54.86-71.62 
71.62-110.84 
Thickness 
(metres) 
12.20 
15.23 
33.53 
12.19 
18.29 
12.19 
12.19 
6.10 
12.20 
15.23 
12.19 
6.11 
9.13 
16.76 
39.22 
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5. 
6. 
7. 
10. 
11. 
1. 
2. 
3. 
6. 
7. 
Location: Chhan 
Ibbewell No. 3 
Surface Clay 
Clay 
Clay and Kankai' 
Coai-se Sand 
Clay 
Coarse Sand 
Clay and Kankar 
Clay and Sand 
Clay and Kankar 
Sand and Kankar 
sa 
0.0-
16.46-
25.60 • 
29.35 • 
32.92 • 
40.85 • 
45.11 • 
54.86 • 
65.22 • 
68.27 • 
13.41 
• 25.60 
- 29.35 
32.92 
- 40.85 
-45.11 
- 54.86 
- 65.22 
- 68.27 
101.80 
13.05 
9.14 
3.75 
3.57 
7.93 
4.26 
9.75 
10.36 
3.05 
33.53 
Location: Chandawali 
TUbewell No. 4 
Surface Clay 
Clay and Kankar 
Fine Sand 
Medium Sand 
Fine Sand 
Medium Sand 
Coarse Sand 
0.0- 12.20 
12.20 - 27.43 
27.43 - 39.62 
39.62 - 45.73 
45.73 - 54.86 
54.86-71.62 
71.62- 110.84 
12.20 
15.23 
12.19 
6.11 
9.13 
16.76 
39.22 
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1. 
4. 
3. 
6. 
7. 
8. 
2. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Location: Nimka 
Ibbewell No. 5 
Surface Clay 
Clay and Kankai' 
Fine Sand 
Fine Sand With Clay 
Medium to Coarse Sand 
Coarse Sand 
Medium Sand with Clay 
Fine to Medium Sand 
Location: Navada 
IbbewellNo. 6 
Surface Clay 
Sandy Clay 
Fine Sand 
Hard Clay and Kankar 
Medium Sand 
Coarse Sand and Kankar 
Sticky Clay 
Medium Sand 
Coarse Sand and Kankar 
Clay and Kankar 
Hard Sticky Clay 
0.0 - 6.69 
6.69 - 12.20 
12.20- 17.06 
17.06 - 22.86 
22.86 - 30.48 
30.48 - 33.53 
33.53 - 35.04 
35.04 - 39.62 
0.0 - 7.62 
7.62 - 12.20 
12.20 - 15.24 
15.24-21.34 
21.34-30.43 
30.43 - 35.04 
35.04 - 45.72 
45.72 - 50.29 
50.29 - 54.86 
54.86 - 67.05 
67.05-73.15 
6.69 
5.51 
4.86 
5.80 
7.62 
3.05 
1.51 
4.58 
7.62 
4.58 
3.04 
6.10 
9.09 
4.61 
10.68 
4.57 
4.57 
12.19 
6.10 
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12. Loose Clay 73.15-74.98 1.83 
Location : Mandaoli 
Tubewell No. 7 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Surface Clay 
Clay and Kankai-
Clay 
Coarse Sand 
Coarse Sand and Kankar 
Clay and Kankar 
Bed Rock 
0.0 - 3.05 
3.05-6.10 
6.10-9.14 
9.14-16.76 
16.76-30.48 
30.48 - 42.67 
42.67 - 50.29 
3.05 
3.05 
3.04 
7.62 
13.72 
12.19 
7.62 
Location: Ghorasan 
Ibbewell No. 8 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
1. 
2. 
Surface Clay 
Clay 
Boulder 
Calyey Sand and Kankar 
Coarse Sand 
Clay, Sand and kankar 
Medium Sand 
Location: Manjhauli 
TUbewell No.9 
Surface Clay 
Clay and Kankar 
0.0 - 30.48 
30.48 - 36.58 
36.58 - 48.76 
48.76-57.91 
57.91 - 64.0 
64.0 - 67.84 
67.84 - 76.20 
0.0 - 25.60 
25.60 - 28.67 
30.48 
6.10 
12.18 
9.15 
6.09 
3.84 
8.36 
25.60 
3.07 
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Medium Sand and Kankai" 
Clay 
Coai'se Sand 
Coai'se Sand and Kankai' 
Clay and Kankai' 
Sandstone and Kankai' 
Coai'se Sand 
Medium Sand and Kankai-
Clay and kankar 
Coarse Sand 
Clay 
Coarse Sand and Sandstone 
28.67 -
36.88 -
45.72 -
48.00 -
50.92 -
54.86 • 
62.17-
72.28 -
89.64 -
92.65 • 
99.90 -
102.72 
• 36.88 
• 45.72 
• 48.00 
• 50.92 
• 54.86 
•62.17 
• 72.28 
• 89.64 
• 92.65 
 99.90 
• 102.72 
- 109.72 
8.21 
2.28 
2.28 
2.92 
3.94 
7.13 
10.11 
17.36 
3.01 
7.25 
2.82 
7.00 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10 
11. 
12. 
13. 
14. 
Location: Tajpur 
TUbewell No. 10 
1. Surface Clay 0.0 - 19.51 19.51 
2. Clay and Kankar 19.15-33.53 14.02 
3. Medium Sand 33.53-36.58 3.05 
4. Clayey Sand 36.58-39.82 3.24 
5. Coarse Sand with Sandstone 39.82-42.67 2.85 
6. Clay Sand with Kankar 42.67-50.32 7.65 
7. Medium Sand 50.32-57.91 7.59 
8. Caving Clay 57.91-67.05 9.14 
9. Clay and Kankar 67.05-70.10 3.05 
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7. 
Location : Badarpur 
1\ibewell No. 11 
Surface Clay 
Clay and Kankai" 
Medium Sand 
0.0-
21.34 
27.43 • 
Medium Sand and Sandstone 36.58 
Clay and Kankar 
Medium to Coarse Sand 
Clay and Kankar 
Coarse Kankar 
39.62 
51.81-
66.45 • 
77.41 • 
21.34 
- 27.43 
- 36.58 
- 39.62 
-51.81 
- 66.45 
- 77.41 
- 82.89 
21.34 
6.09 
9.15 
3.04 
12.19 
14.64 
10.96 
5.48 
Location: Kherikalan 
Tlibewell No. 12 
1. Surface Sandy Clay 0.0-4.26 4.26 
2. Kankar Clay 4.26-10.36 6.10 
3. Hard Clay 10.36 - 14.63 4.27 
4. Coarse Sand and Kankar 14.63-19.50 4.87 
5. Fine to medium Sand 19.50-22.55 3.05 
6. Clay and Kankar 22.55-28.55 6.00 
7. Fine Sand and Kankar 28.55-31.08 2.53 
8. Pebbles 31.08-32.30 1.22 
9. Sandy Clay 32.30-34.74 2.44 
10. Coarse Sand and Sandstone 34.74-39.62 4.88 
11. Sandy Clay and Kankar 39.62-48.15 8.53 
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12. 
13. 
14. 
15. 
Medium Sand and Pebbles 
Clay and Kankai' 
Medium Sand 
Clav 
48.15-59.13 
59.13-71.32 
71.32-72.84 
72.84 - 80.46 
10.98 
12.19 
1.52 
7.62 
Location: Nachauli 
Tbbewell No. 13 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
1. 
2. 
3. 
Surface Clay 
Clay and Kankar 
Fine Sand 
Clay and Kankar 
Medium to Coarse Sand 
Kankar, gravel and Sand 
Fine to medium Sand 
Medium to Coarse Sand 
Hard Clay 
Kankar and Sandstone 
Clay with Kankar 
Caving Clay 
Location: Bhopani 
TUbewell No. 14 
Surface Clay 
Sandy Clay 
Fine Sand 
0.0 - 6.00 
6.00 - 12.20 
12.20-19.81 
19.81-38.10 
38.10-40.24 
40.24 - 42.68 
42.68 - 49.36 
49.36-51.81 
51.81-57.81 
57.81-60.96 
60.96 - 80.77 
80.77 - 89.91 
0.0 - 6.09 
6.09 - 18.29 
18.29 - 24.39 
6.00 
6.20 
7.61 
18.29 
2.14 
2.44 
6.68 
2.45 
6.00 
3.15 
19.81 
9.41 
6.09 
12.20 
6.10 
206 
5. 
6 
7. 
8. 
9. 
2. 
5. 
Medium Sand 
Coai'se Sand 
Fine Sand 
Medium Sand 
24.39 • 
35.96 • 
48.76 • 
54.80 • 
Medium Sand and Sandstone 91.44 • 
Sand and Kankai" 
Location: Tikaoli 
'Ribewell No. 15 
Surface Clay 
Hard Clay 
Medium Sand 
Coarse Sand and Kankar 
Fine Sand 
Coarse Sand and Kankar 
Fine to medium Sand 
Coarse Sand and Kankar 
Kankar with Sandy Clay 
Hard Clay and Kankar 
Hard Clay 
97.56 • 
0.0 -
9.18-
15.24 
21.34 
24.39 • 
38.41 • 
42.68 • 
45.73 • 
51.81-
57.91 • 
73.71 • 
- 35.96 
- 48.76 
- 54.80 
-91.44 
- 97.56 
-146.29 
9.18 
15.24 
-21.34 
- 24.39 
- 38.41 
- 42.68 
- 45.73 
-51.81 
- 57.91 
-73.71 
91.46 
11.57 
12.80 
6.04 
36.64 
6.12 
48.73 
9.18 
6.06 
6.10 
3.05 
14.02 
4.27 
3.05 
6.08 
6.10 
15.8 
17.75 
8. 
9. 
10. 
11. 
Location : Palwali 
Tubewell No. 16 
1. Surface Clay 0.0-9.63 9.63 
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2. 
3. 
4. 
5. 
3. 
4. 
8. 
9. 
10. 
11. 
12. 
Fine Sand 
Hai'd Clay with Kankai" 
Coarse Sand with Kankai" 
Red Sand with Kankar 
Coarse Sand and Kankar 
Fine Sand with red Kankar 
Hard Clay 
Location: Mawdi 
'mbewell No. 17 
Surface Clay 
Medium Sand 
Soft Clay 
Medium Sand 
Coarse Sandstone 
Clay and Kankar 
Sand and Sandstone 
Kankar and Sand 
Hard Clay 
Hard Clay and Kankar 
Hard Kankar 
Caving Clay 
9.63-
19.57 -
22.86 -
44.50 -
50.59 -
53.64 -
60.96 -
0.0-
13.70-
18.29-
35.35 -
38.41 
50.59 -
52.11-
55.16-
74.89 -
87.29 -
91.76-
117.72 
• 19.57 
• 22.86 
•44.50 
- 50.59 
• 53.64 
- 60.96 
• 82.28 
13.70 
• 18.29 
• 35.35 
• 38.41 
- 50.59 
•52.11 
•55.16 
• 74.89 
• 87.29 
•91.76 
•117.72 
- 131.45 
9.94 
3.29 
21.64 
6.09 
3.05 
7.32 
21.32 
13.70 
4.59 
17.06 
3.06 
12.18 
1.52 
3.05 
19.82 
12.31 
4.47 
25.96 
13.73 
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1. 
2. 
3. 
4. 
5. 
4. 
9. 
10. 
Location : Sherpur Khadar 
'Ribewell No. 18 
Surface Clay 
Medium Sand 
Sandy Clay and kankai-
Medium Sand 
Clay and Kankar 
Medium Sand 
Clay and Kankar 
Hard Clay and Kankar 
Location: Dadsia 
TUbewell No. 19 
Surface Clay 
Medium Sand 
Coarse Sand with Kankar 
Hard Clay and Kankar 
Medium Sand and Sandstone 
Coarse Sand and Kankar 
Coarse Sand and Kankar 
Clay and Kankar 
Medium Sand 
Coarse Sand 
0.0 -
12.20 
18.29 
28.95 
35.04 
50.29 
54.86 
76.20 
0.0 -
6.09-
9.78-
16.76 
25.90 
27.43 
32.24 
36.68 
39.62 
44.20 
12.20 
- 18.29 
- 28.95 
- 35.04 
- 50.29 
- 54.86 
- 76.20 
- 89.94 
6.09 
9.78 
16.76 
- 25.90 
- 27.43 
- 32.24 
- 36.68 
- 39.62 
- 44.20 
- 45.73 
12.20 
6.09 
10.06 
6.09 
15.25 
4.57 
21.34 
13.74 
6.09 
3.69 
6.98 
9.14 
1.53 
4.81 
4.44 
2.94 
4.58 
1.53 
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Location: Aitmadpur 
Tbbewell No.20 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
1. 
2, 
J. 
4. 
5. 
6. 
7. 
8. 
9. 
Surface Clay 
Fine Sand 
Clay 
Coaise Sand 
Clay and Kankar 
Sand and Sandstone 
Sand and Kankar 
Fine Sand 
Hard Kankar 
Caving Clay 
0.0- 10.20 
10.20 - 14.38 
14.38 - 29.45 
29.45 - 35.28 
35.28 - 40.29 
40.29 - 46.32 
46.32 - 60.43 
60.43 - 65.30 
65.30 - 82.67 
82.67 - 95.25 
Location : Faridpur 
Tbbewell No.21 
Surface Clay 
Coarse Sand 
Sand with Kankar Clay 
Sand and Kankar 
Coarse Sand 
Sandy Kankar 
0.0 - 9.75 
9.75-11.27 
11.27-16.76 
16.76 - 26.51 
26.51 - 28.64 
28.64 - 48.76 
Coarse Sand with Sandstone 48.76 - 53.64 
Medium Sand and Kankar 
Clay and Kankar 
53.64 - 65.83 
65.83 - 88.39 
9.75 
1.52 
5.49 
9.75 
2.13 
20.12 
4.88 
12.1S 
22.56 
10.20 
4.18 
15.07 
5.83 
5.01 
6.03 
14.11 
4.87 
7.34 
12.58 
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Appendix- VII 
Number of Samples and frequency distribution of chemical 
constiuents in groundwater samples 
Electrical Coductivity {\3ts! cm) Chloride (mg/L) 
Range No. of Samples % Frequency Range No.of Samples %Freuency 
0-1000 13.8 0-250 45 69.2 
1000-2000 34 52.3 250 - 500 12 18.5 
2000-3000 13.8 500 - 750 9.2 
3000-4000 11 16.9 750 - 1000 1.5 
>4000 3.1 >1000 1.5 
0-30 
30-60 
60-90 
90-120 
120-150 
Calcium (i 
25 
22 
13 
3 
2 
mg/L) 
Sodium (mg/L) 
38.5 
33.8 
20.0 
4.6 
3.1 
Magnesi 
0-30 
30-60 
60-90 
90-120 
120-150 
uni 
29 
29 
7 
1 
1 
(mg/L) 
* 
Potassium (mg/L) 
44.6 
41.5 
10.8 
1.5 
1.5 
0-150 38 58.5 0-20 16 24.6 
150-300 15 23.1 20-40 34 52.3 
300-450 9.2 40-60 m 15.4 
229 
450-600 4 6.1 60-80 3 4.6 
600-750 2 3.1 >80 2 3.1 
Hardness (mg/L) 
0-150 7 10.8 
150-300 39 60.0 
300-450 16 24.6 
450-600 2 3.1 
>600 1 1.5 
Appendix VIII 
Average values of chemical constituents (mg/L) in 
shallow and deep aquifers. 
0-100 
100-200 
200-300 
300-400 
400-500 
Bicarbonate 
4 
24 
26 
9 
2 
(mg/L) 
6.2 
36.9 
40.0 
13.8 
3.1 
Chemical Constituents 
E.G. (|iS/cm) 
TDS 
Ca 
Mg 
Na 
K 
HCO, 
Shallow aquifer 
2090.3 
1339.9 
41.8 
36.7 
194.6 
60.8 
230.1 
Deep aquifer 
2010.0 
1230.7 
43.7 
36.6 
177.4 
27.7 
214.6 
230 
CI 254.6 249.2 
Hai-dness 250.3 268.2 
SO, 208.0 176.76 
NO,, 22.8 17.5 
F 1.02 0.8 
Apppendix - IX 
Average values of chemical constituents (mg/L) in 
different E.G. ranges 
E.C. Range Ca Mg Na K HCO, CO3 CI Hardness SO^ 
(lis/cm) 
0- 1000 53.2 18.67 34.1 22.7 141.8 25.4 48.9 203.9 138.1 
1000-2000 42.2 30.63 119.4 28.7 204.6 27.0 141.6 227.2 183.3 
2000-3000 35.4 52.11 245.1 32.7 165.6 31.3 367.0 300.0 166.9 
3000-4000 47.1 41.63 368.0 125.1 305.0 60.0 476.6 313.6 267.6 
Appendix - X 
Summary of statistical parameters for the variables 
of groundwater (mg/L) 
Variables 
pH 
E.C.(|iS/cm.) 
Minimum 
5.49 
5.00 
Maximum 
8.76 
6700 
Mean 
7.15 
1993.8 
Standarad 
deviation 
0.65 
1132.8 
231 
T.D.S. 
Ca 
Mg 
Na 
K 
HCO3 
CI 
Hardness 
F 
SO, 
4 
NO3 
320.5 
6.01 
4.87 
6.0 
9.0 
81 
25.56 
95 
0.01 
32 
1.8 
294.7 
130.26 
132.76 
732 
558 
495 
1266.64 
760 
1.97 
518 
86.8 
1277.4 
43.87 
36.99 
179.49 
44.62 
219.3 
244.01 
257.77 
0.92 
241.74 
19.93 
725.7 
28.4 
23.6 
167.6 
85.6 
86.9 
194.1 
88.3 
0.54 
110.9 
17.0 
Appendix - XI 
Average values of trace element (mg/L)in shallow 
and deep aquifers 
TV-ace Elements 
Zn 
Cd 
Pb 
Cu 
Fe 
Mn 
Cr 
Ni 
Shallow aquifer 
0.574 
0.124 
0.033 
0.051 
0.155 
0.240 
0.068 
0.111 
Deep aquifer 
0.382 
0.097 
0.097 
0.048 
0.123 
0.101 
0.020 
0.024 
